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The stunted roach population in Humble Reservoir (West Lothian, 
Scotland), was investigated. The conditions of the reservoir are 
briefly described and particular attention was given to the 
composition and seasonal changes of the bottom fauna. 
The size of the population was estimated to be 126,925 fish in 
the 2.9 hectares of water. The most dominant sizes are those of 
average length between 6.0-9.0 cm. Some of the heavy mortality 
during or alter the breeding season are related to mechanical damage 
during spawning. 
.3. There are four major characteristics in the growth of the roach. 
The clear variation in growth within the same age group; females 
grow better than males; faster growth in the early years of life 
and the decline later on and the short period of fast growth each 
year. Wales are found to mature at a younger age than feñales and 
the average number of times in their life the fish spawn is twice. 
The erosion on the scales is believed to be spawning marks. 
Centrifugation is a new technique applied to measure the volume 
and weight of the alimentary tract contents. Minimum and maximum 
average volume were 2.75 and 4.67 ml respectively. Minimum and 
maximum average weight were 0.271 and 0 .471 g. Similar sized males 
and females were found to consume equal volumes of food. 
The oligochaetes were found to occur in the food of roach to a 
much greater extent than previously recorded. The method of 
identification has been given. It would appear that roach prefer 
animal food to plant material, the latter probably occur in the food 
accidentally as a result of feeding behaviour. 
iv 
There is a great similarity in the food contents of the roach 
and stickleback which may suggest that, with the high population 
of roach and stickleback in the reservoir, there is competition 
between them for the same food and that this affects the growth 
of the roach. 	It is likely that growth is also affected by the 
migration and annual distribution of the bottom fauna and their 
relation to the aquatic plants. 
Growth of the roach changed when transfered to better environmental 
conditions, and a lower population density. This improvement in 
the growth is better in the first year than in the second, and is 
better in younger fish than older ones. 
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At the beginning of this ecological study of the Roach (Rutilus 
rutilus L.) in Humble Reservoir, it was apparent that the two most 
interesting aspects worthy of greatest study were (i) the food and 
feeding habits and (ii) the growth. This was apparent because the 
reservoir obviously contained a large population of apparently stunted 
roach and yet was very eutrophic. In any ecological study of this 
type it is considered necessary to give a general description of the 
reservoir, its plants, chemical conditions and physical factors as 
well as bottom fauna 	The size of the population of the roach was 
estimated and some related subjects such-as parasitism, •spawning - -. 
behaviour and sexual dimorphism of the fish were considered. 
During the study,, the possibility was attempted of applying a 
new technique to assess the food of the fish, both volumetrically,. 
gravimetrically and numerically. Also a new explanation of the 
feeding habit of the roach was postulated. The general characteristics 
of the growth were investigated and some scale features such as 
spawning mark and annual check were noted. The relation. between 
the bottom fauna, aquatic plants and feeding of the roach, and the 
relation between the feeding of the roach and stickleback have been 
studied. 
It was felt that it would be interesting to determine some of the 
factors limiting the growth. It was also hoped that these factors 
could be further elucidated, and considered in any fishery management 
plans, by considering the growth and food of these fish when 
introduced into a new environment. The. latter part of this study 
was possible to a limited extent and the results of this part of the 
work appear in part 5 of this thesis. 
The literature, cited in the relevant parts, was not only from 
British sources but attempts were also made to gather litetature 
from as varied foreign sources as possible. The major problem was 
the foreign references, some of these were of special importance, 
but they were either unavailable or there was some difficulty in 
having them translated, because of shortage of time and financial 
aid. However, in spite of these difficulties many new foreign 
references have been used and brought together with the British 




Growth Ring: One of the numerous lines which ran concentric to 
the scale centre, 
Annual Band: All the growth rings which the fish lay in one year 
and consist of a number of wide spaced rings and 
one or more narrow spaced rings. 
Annual Check: The last complete narrow ring of each annual band. 
Spawning Mark: Removal of part of the anterodorsal corners of the 
scales. 	It is found to be associated with Lhe 
mechanical damage during spawning. 
Age Group: 	A group of fish of the same age, 	- 
Standard 	Part of the digestive- tract consisting of the 
Portion: - 
first loop and a quarter of the second, 
Bifid. 	A type of chaetae found in the majority of the 
Crotchets: 
Oligochaeta. They are S-shaped structures with 




I The Site 
II - Bottom fauna 
I.. "TEE SITE" 
1. Previous Studies and description 
This project was carried out on Runbie Reservoir. It has been 
described by Halliday (1969), Whilde (1969), Walls (1971) and 
Aldoori (in the press). This small reservoir lies in West Lothian 
near Icirkliston (National grid reference - NT 10487545), 	It was 
constructed in about 1872 by Robert Stewart and others, and since 
1892 the reservoir has been leased to the Distillers Co.Ltd,Kirkliston. 
The shape of the reservoir is roughly that of a "J" (Fig.l). 
It is 2,9 hectares in extent and over 600 m in length. It has a 
maximum depth of just over 4 m and an average-depth of about 2.5.m. - 
The area of gathering ground of the reservoir is 668 hectares, with 
an average annual rainfall of 81.2 cm, Its capacity up to overflow 
level is about 45.5 million litres, while it is over 113,5 million 
litres up to top water level. Variation in water level is due to 
seasonal changes. Aerial photographs taken in June 1947 and June 
1955 show that the water level decreases in summer time, and shallow 
parts in the west end of the reservoir, usually become dry (Plates 1 
& 2). 	This dryness did not occur during the years of the 
investigation. 
The reservoir is fed by a stream known as "Swine Burn", entering 
the reservoir through a willow swami) at the west end, up which shoals 
of roach move in the spring (Mills, 1971) and again in late summer. 
There are two other water bodies lying near Humbie Reservoir, 




Fig.1; Area of investigation 
Aerial photographs of Humble eservoir showing dry shallow end 
Plate 1 June 1 0,47 
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The FishCorimuniL 
The reservoir contains Roach (ilutilus rutilus L.) and. three 
spinod Stickleback (Gastorosteur? aculeatun L.) and smaller numbers 
of Perch (jer 	fluviat:L1i ii.) arid j.hl ((.iU.a anguilla I,), 
The first two are the dojo r;t ccr a: in. the reservoir. Tie porch 
and eels were caught occasionally and are believed to eat the eggs of 
the roach (Hoiik & Hrurcka 1966) and the stomach of one eel exandned 
was full of roach eggs. 
Veiejation and Auntic plants 
Over 50 nprcies of plactrJ were identilici3. in the ncci::r. oi.r and 
the aurrounc 	nvoa. 	This study 1:an carried out in hay 1968 uid 1:1 
June and August 1970 	East ? West and South sides of the reservoir 
were examined and some parts of the north side 	The cc) -F:aon and 
latin names of these plants are given in Appendix 1, 
Liophy 11.um 	icatirr 1. and 3at ay:r±on :inatu 	. cciv or a 
very wide area of the r eivoir in the summer and cover about two 
thirds (2/3) of the water surface. 	Other plants such as 
pseu(jacorus L,. Hi _j;uris 	arLs L, 2a1thastria L., Veronica 
beccabunga L. Pha.larjs arundlinacea 1g., Poynhra ampIL4biumL, 
Eleocharis palustris L. ? and Nasturium officinale R.Br. are situated 
along the shore. A study of the littoral zonation of these plants 
on the south shore is summarised in Fig.2. 
4 : - r temiere.ture 
Between winter and summer, there is a great change in water 
temperature (Fig.3). 	The highest temperature recorded was in June, 
when it reached about 20° C. 	In winter, many parts of the surface 
5. 
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are frozen (Plate 3, A & B). Water temperature starts increasing 
in March and decreases in October. The air temperatures were 
obtained from Turnhouse Airport, which is the nearest meteorological 
station to the Reservoir, 
5. Chemical Conditions 
The chemical conditions of the water in Humbie Reservoir are 
influenced to a great extent by the water flowing in to the reservoir 
from Swine Burn. The two samples which have been analysed every 
month - one from the burn and one from the reservoir. Figure 4 
shows clearly, that the burn has higher values for Alkalinity, 
++ 	++ 	+ 	+ 
Ca , Mg Na , K than the-reservoir, and also has a higher 
conductivity and nitrate value. The pH and phosphorus values are 
slightly higher in the reservoir. Since 1968 there has been some 
change in the chemical conditions in the reservoir (Table 1 	). Most 
of this change is due to a change in the chemical properties of the 
burn water. Burn water in different sections has been analysed 
and the results suggest that the burn while it runs through 
agricultural lands gets some of its chemicals from these lands, 
probably from artificial fertilizers (Table 2). 	Therefore, it is 
obvious that the chemical conditions of the reservoir will depend on 
what the burn will bring. , In the reservoir elements such as calcium, 
magnesium sodium, phosphorus and other chemical compounds dissolved 
in the water, play very important parts in the biological productivity 
of the water, and have a profound effect on the aquatic organisms and 
upon their food relationships. The increase, within limits, in 
various mineral salts will fertilize the water, and may cause increase 
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Table 1. Chemical characteristics of Humble Reservoir (1968 to 1971) 
1968 1970 1971 
pH. 8.54 0,66 8.70 
Alkalinity 580.0 675.2 629. 2 
Conductivity 1063.0 1775,0 1800.0 
Ca 51,2 17 , 5 35.5 
11 
++ 
45.5 s'r.s 51,4 
Na 300.0 375.0 552,0 
6,5 8,1 8.1 
Total P o.065 0.219 0.208 
NO 	- N 0.14 0.20 0.12 
Organic N 
- 0.863 0.786. 
7, 
Table 2. Water analysis of Swine Burn (July 1971). 
Chemical 
Characteristics 	A 	B 	£ 
PH 7.9 8.0 8,1 8.0 8.0 
Alkalinity 974.4 1080.0 978.0 913,6 920.0 
Conductivity 2560 2510 2510 2400 2360 
Total P 0.034 0.045  0.026 0.063 0.068 
iqitrate 0.14 0,08 0.10 0.10 0.10 
9.0 8.6 8,8 8.6 8.6 
Na 456 453 446 450 443 
Cal 7.5 6.8 5.2 6,0 3.7 
56.7 58.1 60.3 58.5 59.5 
Organic N 0.342 0.468 0.381 0.514 0.540 
8. 
II. BOTTOM FAUNA 
1. Sites 
The investigation into the distribution and composition of the 
bottom fauna in this reservoir was studied at two sites. These two 
sites are differentiated by their situation from the inflow, depth 
of water and the distribution of the aquatic vegetation. Pig.1 
shows these two sites in the reservoir. 
Site 1 is deep, and situated at the east end of the reservoir 
near the outflow. Water depth is 3.5-4.0 in , and the bottom in 
general is not very muddy, with no water plants except at the edges. 
Site 2 is situated at the west end, it is a shallow , area with 
a depth of 1-1,5 iii, The bottom is very muddy and covered with an 
abundant growth of water plants, mainly Nyriophyiflirn 	 which 
increases enormously in spring and summer. 
2. Material and Methods 
Quantitative samples were collected with an EIuIMT-BfltGE grab, 
which samples 225 cm2 , This material, comprising about 20,000 
animals and weighing about 22 g , was obtained from 26 bottom 
samples. The sifting of the bottom samples has been carried out 
with a sieve of 0.6 mm mesh, the material was stored in 4% formalin, 
then sorted under a binocular microscope with 8, 10 and 20 times 
magnification. The fresh weight of the material was taken after 
blotting the organisms with filter paper. 
The material contained mainly Chironomid larvae and pupae, 
Oligochaeta and some Ostracoda, Cladocera and Copepoda. In the last 
9* 
month's samples, some other Crustacean species such as Asellus 
appeared, as well as other insect larvae and nymphs, and a small 
number of Molluscs. 
All results and calculations given here are for the Chironornidas 
and Oligochacta because of their dominance in the bottom. Other 
organisms were negligible and appeared only occasionally and have 
been excluded from the results. 
Results 
Results obtained from this study showed that there is a very 
high density of Oligochacta in the bottom. It consists of about 
702b of the total number of the aiiiivais, while Chircnomidae which 
occur second in order of dominance forms only 30%. There is also 
a difference in the distribution and population density of bottom 
fauna between the two sites, as from the total of 20,000 animals 
collected, 791a were from site 2 (shallow end), representing 91% of 
the total number of the Chironomidae and 78% of the Oligochaeta. 
Seasonal change in number of Chironornidac and Oligochaeta (Fig. 
5) shows that both are at a high population density in the cold 
seasons. The population density is about 37,500 individual/m2 in 
winter and over 38,000 individual/n 2 in autumn.. 	While in spring 
and summer the population density decreases and comes to under 
32,000 individual/m2 in spring and under 22,000 individual/m2 in 
summer. 
Following the annual change in Oligochaeta (Fig.5A) shows that 
there is a slight decrease ' in spring and even greater in summer. 
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lesSer extent in the summer (Pig.5B). The relationship between 
number and weight of animals is affected by seasonal changes 
(Fig.6). 	It has been found that in winter, the relation between 
number and weight of the animals is very close, while in spring the 
weight slightly increases till summer when this picture changes to 
decrease in weight and an increase in number. Then, in autumn and 
next winter the weight increases again (Table 5) , This could be 
seen clearly in the seasonal change in the weight of single 
Chironomidae or Oligochaeta throughout the year (Table 4). 
Chironomidae reach their highest weight in spring and lowest in 
summer, while Oligochaeta show very slight difference in summer time, 
4. Discussion 
It has been found that Humbie Reservoir has a high density of 
bottom fauna. The average density of Chironornidae and Oligochaeta 
in the year 1970-1971 was  35,500 individual/m2 , which is more than 
twelve times that of Lake Blsj5n (crimàa 1962) and much higher than 
lake Ankarvattent (Qrims 1961, 1962) and lake Ekoln (mren & Grimàs 
1965), This density varies from one side of the reservoir to the 
other. It is very high in the shallowest end where it is about 
55,000 individual/m2 , and about five tines at the deepest end. 
Usually shallow parts of lochs are important from the point of 
view of production of bottom fauna, because light reaches the bottom 
and weeds can grow. Also, the rate of turnover of the bottom fauna 
is greater than in deeper water (Morgan & Waddell 1961). It is also 
because of its situation near the inlet where ailoclithonous organic 
matter, suitable as food for bottom animals (Grim&s 1961), is deposited, 
11, 
Fig. 6. Monthly change in total nuber and weight of Chironornid 
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Table 3. Seasonal change in calculated number and weight of animals (rn 2 ). 
Season Number Weight g 
Winter 37,495 34.281 
Spring 31,940 40.666 
Summer 21,866 14.947 
Autumn 38,014 49 , 451 
Table 4. Seasonal change in average weight of single animal (g), 
Season Chironomid Oligochaeta 
larvae 
Winter 0 .001705 0.000628 
Spring 0.003 802 0,000681 
Summer 0.000882 0.000585 
Autumn 0.002207 0000789 
The population of the bottom animals varies over the year, and 
the density of individuals is subject to seasonal variation. This 
general pattern in the bottom fauna has been noticed in the seasonal 
fluctuations of both Ohironornidae and Oligochaeta. Their minimum 
density varies between, spring for the Chircnomidae (6,088 Chir./m 2), 
and summer for Oligochaeta (14,800 Olig./m2 ). 	It also appears that 
their maximum density varies from winter for Oligochaeta (29,511 Olig/ 
2 ) and autun for Ohironomidae (13,688 mi/rn 2 m 	 ). The reasons for 
this change in the population of Chironomidae and Oligochaeta are 
complex, and to understand it, two important factors have to be 
considered. Firstly, the life history of these animals, and secondly 
the aquatic plants, their distribution and seasonal changes. - - - 
OHIRONOJvIIDAE: For the Qhironomidae the first factor seems to 
be most important. Seasonal change could be related to the emergence 
and hatching in spring and summer. But, between these two important 
stages in the life of Chironomidae, there is an intermediate link of 
great significance in this cycle. Unfortunately this has not 
received much attention from biologists and ecologists. As the time 
moves from winter to spring, some of the Chironomidae reach their 
pupation stage, which appears to be in March. The first emergent 
group appears by the end of the same month and the beginning of April 
(Morgan & Waddell 1961), In Humbie, signs of pupation seem to start 
about March, increases in May and reaches its maximum in June, when it 
comes to about 800 pupae/rn2 . (Fig.7), 	In this month also the 
maximum emergence rate occurs (Morgan & Waddell 1961). This operation 
declines afterwards till September and no pupation is recorded in 
13 
October.. 






Therefore, through the period from April to September the 
majority of the Chironornidae leave the bottom as ernergents causing 
a gradual drop in the population density of Chironomidae in the 
bottom, in addition to the natural mortality and the quanitities 
devoured by fish (Borutzky 1939 a, b). At the same time hatching 
is taking a place, Grimis (1961) found that hatching shows a 
dominance in deeper parts of the lake during early spring, while the 
centre of gravity shifts towards the littoral zone in summer and 
shifts back to deeper regions afterwards. 
Morgan & Waddell (1961) found that the emergence starts when 
the water temperature is over 7.0°C, and that the pattern of - 
emergence is related to the change in length of daylight, while - 
Miller (1941) and Judd (1953) relate it to temperature changes. 
It seems that number of pupae in the bottom, and ready for emergence 
should be taken into account, since the number of pupae in the bottom 
is limiting the number of emerging insects. 
The weight of emerging Chironomidae was high at the end of March 
and beginning of April (Llorgan & Waddell, 1961). This could be 
explained by the facts which have been derived from this study, and 
shown in Table 4, 	In this table it is clear that the Chironornidae 
grow bigger as they come near pupation and time of emergence • In 
this stage they reach an average weight of 0.00380 g. Bigger 
Chironomidae appear to be the first to emerge, while the small and 
new generation of Ohironomidae start dominating the bottom, 
particularly in summer when the average weight of Chironomidae 
drops to 0.00088 g. This idea could be supported by Morgan & 
Waddeli's finding on the diet of trout. They found that in April 
and May, trout are feeding chiefly on large pupae of Chirononris spp., 
14. 
while in June, on small green pupae of Tanytarsus spp. The weight 
increases again to the normal average weight of a Chironomidae in 
autumn and winter,, which is 0.00195 g. 
OLI000HAETA. These organisms dominate the bottom of the 
reservoir, and their distribution in the two sites is similar to 
that of the Ohironomidae. Their seasonal change is probably due 
to a mortality of 50 10 of the spring biomass occurring in the period 
of reproduction (from the end of April to the middle of July), also 
about 70% of the Maximal autumn biomass die off in winter time 
(Borutzky 1939b. 	Aldoori (in the - press) - found that- these organisms- 
occur in the diet of a large proportion of roach, and it is one of its 
main food items. This could be another effect on the seasonal change. 
It is the opinion that, since the aquatic plants play a big role 
in the distribution of the bottom animals, these plants should be 
affecting the distribution of the oligochaeta as well as others. 
Probably it is one of the main causes for their seasonal variation. 
It has been found that in spring and summer, when the aquatic plants 
increase in the reservoir, particularly in the shallow end, the number 
of these organisms decreases in the bottom and reaches their minimum 
density, in summer, at the time when the plants reach their highest 
density and cover a very wide area. Witcomb (1963) found that in 
summer there are large numbers of Ohironomidae in Rannunculus, but in 
winter it is almost barren. This has been observed during the summer 
in Humbie, when a considerable number of Oligochaeta, as well as 
Chironomidae, was found among the aquatic plants, mainly the larger 
size. This suggests that large numbers of Oligochaeta and Chironomidae 
1.5. 
may leave the bottom and crawl on the plants for food and orgen 
in spi'ing and summer, and return to the bottom with the decline of 
these plants in autuarn and winter. 
16. 
PART TWO 	 -- 
General study on Roach 
I - Population studies 
II - Sexual dimorphism 
III - Spawning behaviour and mortality 
IV - Parasitism 
I. POPULATION STUDIES 
1. The size _offlowlation 
In 1969 the size of the population of roach over 12.0 cm in 
Humble Reservoir was estimated, as over 17 thousand (Mills 197 1 ). 
During 1970 another attempt was made to estimate the population of 
the roach of 6 cm and over. The fish were divided into three groups, 
6 .0-9.0 cm,, 9.1-12.0 cm and greater than 12,1 cm. 
A mark-recapture method was used and four types of' marking 
applied. Clipping of the left and right pelvic fins and left and 
right opercula were used separately, during the period from May 1970 
to January 1971. The process of marking, releasing and netting were 
subject to the following difficulties and errors. 
It is a well known fact that roach moves in shoals. This is 
supported by many references (e.g. Fennell, 1870 & Hart, 1971), also 
by the capture of several thousands of roach in a single netting 
while very few fish in several other catches. 
Netting of the shallow end was very difficult due to the middy 
bottom. 
During late spring and summer, a thick growth of submerged plants 
covered a very wide area of the reservoir (Fig.8). A gradual increase 
in the number of captured fish was observed as the netting approached 
the weedy area. No netting could be carried out in the vegetated 
area where a large number of roach were believed to be, 
In later marking operations, marked fish were released immediately, 
without keeping them till the marking operation finished. 
June results may include the e fish which became now f and 
attained the length of about 6 cm, 
17. 
Hisnbie Reservoir: Plant distribution in Summer. 
For these reasons, it was found to be more reasonable, to use 
the results of the first marking, left pelvic fin, and work on these 
to estimate the approximate size of the population. 
The formula used was that given by Bailey 1951. 
Li = IA 
m+ 1 
-A 
where N = total population size. 
M= number taken in first sample, marked and released 
to the population. 
n= number taken in second sample. 
M = number of marked individuals recaptured in second 
sample 	- 	- 
variance estimated by Bailey's formula 
A IA2 (i4,4L±n -.m) Var Nt 
(m+1) 	(m+ 2) 
Standard error (S.E.) = Vvariance 
Confidence limits 	± VIae 
From the total of 4,330 roach marked and released, only 77 of 
them were recaptured in a total catch of 2,053 roach. The number of 
fish in each group was estimated separately. The variance, standard 
error and confidence limits were also calculated and all the results 
shown in Table 5, By summing the estimated populations of the three 
length groups, the total population was found to be 126,925 roach, 
occupying about 2,9 hectares (7.26 acres). The most dominant group 
was the group 6-9 cm , which consisted of about 92% of the whole 
population. 
I.S.  
Table 5. Estimation of the population size of roach in Humble 








S .E.5 IJ  
95% Confidence 
limits 
Length group (ow) 6.0-9.0 9.1-12.0 12.1-over 
3769 276 285 
1669 139 322 
53 6 18 
116,560 5,520 4,845 
239,034,117 361,836 110,466 
15,460 190 105 
95, 640-137,480 	5, 140-52900 	4,635-5,055 
The length frequency distribution of the roach in Humble 
Reservoir during the years from 1968-1972 (Flg.9), indicate that 
there is a gradual increase in the number of young age groups compared 
to the older ones, and the population is now dominated by small fish. 
Generally the reservoir is over populated. Rough calculation 
showed that about 4 fish per square meter and about 17,483 fish per 
acre. These figures are about 17.5  times the figure of 1,000 fish 
per acre (Hartley 1947b), the suitable density to obtain good fish 
growth. 
2. The structure of the population 	- 	- - 
The fish examined were a small number picked from large catches. 
Every month, the smaller fish were present in largest numbers. 
Excluding the o age group, and studying the length frequency 
distribution of roach for the years from 1968-1972 0 it appears that 
age group is the most dominant, particularly in the latest years. 
This is supported by results from the population estimation. Some 
particular age groups, such as 6 , 7 and 11 were present in 
small numbers. Within the older age groups, the group 8+  was 
present in high numbers. Maximum age was lf for both sexes. 
Sex ratio of male to female was 1:1.3. 	Details of sex ratio for 
mature fish caught every month are shown in Table 6. The minimum 
ratio of 1:0.8 was recorded in March and the maximum of 1:2.3 
recorded in June. 
20. 
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FORK LENGTH (Cm.) FORK LENGTH (Crrm) 
Table 6, Sex ratio of male to female roach in Bumble Reservoir, 
1970-1971, 
Month Total No. No, of fish Ratio 
oftuie 
fish 
P.70 115 4471 1.0 1.6 
M. 115 64 51 1.0 0.8 
A. 110 57 53 1.0 0.9 
N. 96 39 57 1.0 1.5 
49 15 34 1.0 2,3 
4 	A. 126 61 65 1.0 1.1 
31 	A. 118 55 63 1,0 1.1 
s. 66 29 37 1,0 1,3 
0. 101 35 66 1.0 1.9 
N. 85 26 57 1.0 2.0 
D. 89 37 52 1.0 1,4 
J. 71 65 27 38 1,0 1.4 
21. 
II, SEXUAL DIMORPHISM 
In 1947 Stangenberg studied this phenomenon in roach (Rutilus 
* 
rutilus) and found that male roach tend to develop lesser body 
height and larger sized fins, mainly pelvic fins, also"knob-like 
protuberances' during the spawning season. According to Peczalska 
(1968) sexual coloration was found to appear essentially during the 
phase of sexual readiness. He also observed, that the top of the 
head of male roach and the dorsal part of the body were covered with 
an intense eruption which was less conspicuous on. the sides of the 
head and the body. Pelvic fins and the anal fin were bright flame-
orange. The caudal fin, pectoral fins and dorsal fin were red with 
black edging. The eyes were ruby-red and the body bright silver. 
During the work on roach of Humbie Reservoir, it was very easy 
to recognize large male roach (14-17 cm) from female roach (14-19 cm) 
by their eyes. The colour of the cornea was whitish in the male and 
reddish in the female. This was particularly noticeable in March 
and April 1970 , but very much less so at other times of the year. 
No further investigations were attempted, as it was uncertain 
whether this observation was only accidental and not an actual 
phenomenon occurring in maturing roach. 
* 
In the original paper he called it Bleak, 
22. 
III. SPAWNING BEHAVIOUR AND MORTALITY 
Detailed descriptions of the spawning behaviour of the roach 
have been given by Pennell (1870) Svardson (1951), Fabricius ( 1959), 
Holàik & Hruäka (1966), Holéik (1967c) and Peczalska (1963). 	In 
their opinion roach prefer a certain type of spawning ground. But, 
the species is eurytypic as regards the choice of reproduction sites 
(Peczalska, 1968), and under changed conditions they will readily 
adapt themselves (Ho1ik & I-Lru5ka 1966 and Holóik, 1967b). 	They 
are phytophiles, laying their eggs on aquatic weeds (Nikoisky, 1963), 
but they can also be typically lithophilous fish since their spawning 
takes place over gravel-stone substrates (Hoióik & E±uka, 1966). It 
seems that the roach in Httmhie axe phytorhiles as some of their eggs 
have been obtained from the weeds at the shallow end of the reservoir, 
in late June 1971 with a small meshed net. 
During 1970, the first indication of the spawners appeared in 
June, when male roach, with their typical spawning nuptial tubercles, 
appeared in the catches. Many of the fish had not spawned. It was 
very difficult to observe the spawning process because of the plants 
in the shallow end, but on the 27th June, 1971, maly fish were seen 
by anglers appearing on the surface of the water, and turning over 
for some time, some of them floating dead on the surface. Next 
morning, some of these fish were collected and examined. They were 
of different sizes with very few small (two years old). External 
examination showed that these fish were damaged badly, with bleeding 
areas, particularly on the sides where scales were removed, and with 




The spawning process as observed by Holik & Hruka (1966) and 
11016ik (1967c) is very violent and noisy, so that some of the fish 
were pushed out of the water onto the bank. The bottom immediately 
under the spawning place was covered with scales. Several times 
large numbers of fish were caught dying or dead due to damage from 
spawning (I-Iol6ik, 1967c). 	Svärdson (1951) found a loss of a few 
scales, slight injury and dead roach floating after spawning, while 
living fish were seen to frisk for a few seconds and fall back into 
the water. 
The spawning is completely void of fear (Fennell, 1870 and 
Peczalska, 1968) and the mating rush is so powerful that the fish are 
flung over the surface of the water (Fabricius 1959). - -The -period- --  
through which this exhausting operation takes place is generally very 
short (Hartley, 1947a), but it depends on the weather (HolUk, 19670) 
and can last 2-3 days. After that, the fish suddenly leave the 
shallow water and disappear (Svardson, 1951). 	For some weeks after 
spawning they are very sickly and by the end of July they begin to 
improve in health (Fennell, 1870). 
Allan (1967) in his review of coarse fish mortalities, stated 
that these mortalities were not in all cases caused by diseases, 
parasites and dietary troubles, but there was a number of unsolved 
cases where it proved impossible to ascertain the cause of the 
mortality. He also mentioned that post-spawning exhaustion provided 
the optimum conditions for attack by bacterial or viral diseases. 
It has been found that the biggest mortality of the year is probably 
at the end of the breeding season when dead fish are commonly seen 
(Mann 1965). 
From the above discussion it seems that, since some heavy mortalities 
in roach populations occur in the period between May and July, some of 
this mortality could be caused by spawning, 
IV • PARASITISM 
Halliday (1969) in his work on the roach of Humble Reservoir, 
found that the spleen was infected with the rjmrxosporidium tfçyxobolus 
pseudodispax, more than any other organ. From his study it was 
found that the infection by spores had -9, seasonal trend and was 
less in older age groups. 	He suggested that the trophozoite 
infection increases with age, this is explained in terms of a change 
in feeding habits. 
Appendix 5 is a list of some of the parasites which occur in 
the roach in Britain, and cause mortality either directly or 
indirectly @Yilflams 1964; Wilson 1971) 	In addition"There are -- 
some exauiples of roach infected with fungi, bacteria (williams, 1964) 
and glochidia larvae (Mishra & Chubb, 1969). 	Byithovskii (1936) 
found 23 species of parasites in his examination of the Siberian 
roach (Rutilus rutilus lacustris), while Bykhovskaya-Pavlovskaya 
(19 64) listedlljt species of parasites occurring in roach, 
25. 
PART TEPEE 
Growth and food of Roach 
I - Growth 
II - Food 
I. GROVP.PH 
Material and Methods 
The scales of . 932 roach were examined, representing the period 
from February 1970 to January 1971. The impression of the scales 
on Cellulose acetate slides is used (smith 1954), and projected on 
to the screen of a Projectina Projector using a xIO magnification. 
Description and accuracy of scales of roach for growth and age 
studies havebeen discussed in details by many previous workers, such 
as Hartley (1947 a & b), Jones (1953), Cragg-Hine (1963) and Williams 
(1967). The age of the fish is determined by counting the number of 
complete annual checks piesent on the scale; The observed fork 
length of fish is used to study the growth rate of the fish but not 
the back Calculation. This is because fish of all sizes and age 
groups were available in each month. 
Notes and observations 
Through this work the following notes were made: 
Particular age groups were absent in certain samples. The group 
o is missing probably due to their escape through the meshes of 
+ 	+ 
the net. Age groups 6 and 7 were missing also. These are 
present in the reservoir in small numbers. This could be due to 
the transference of about 3,000 roach (over 12.0 cm) to Duddingston 
Loch in 1968, 
The presence of an incomplete annual check, which usually has been 
called "false ring". This ring has been found to appear only 
between the first and second complete checks. 	It seems that they 
'C 
become more distinguished in that position in some fish after their 
third or fourth year of life. 	Because of the presence of this 
feature in some scales it has been decided to exclude any ring of 
this nature from the counting. The opinion is that this subject 
should get more attention in future studies. 
Some of the older roach lay very close annual checks. Age 
determination of such fish was very difficult. 
Roach of four years old onwards, show some kind of erosion, 
particularly on the anteriodorsal corners of their scales. 
In the majority of these fish, the erosion removes more than 
one of the annual bands from that area. This becomes very 
complicated when there is more-than-one erosion mark in that area 
In many of the scales, there was a very small check in the centre. 
This caused some confusion. The size of this check is larger in 
younger fish than in older ones. Although, it was decided that 
this should be the first year check, the subject also needs more 
attention in the future. 
None of the scales examined had an annual check at their periphery. 
Therefore, it was decided to indicate plus growth by adding + after 
the age. 
There is a very wide range in growth rate of the fish after their 
fourth year. 	It was difficult in this respect to fix particular 
limits for each age group. mile fish under four years old did 
not show very much variation, in their growth. Hartley (1947a,b) 
Oragg-Hine (19 64), Skora (1964a1b) and others, stated that growth 
rate in roach is variable in each age group. 
Seasonal change in the length of each age group was very clear in the 
first three age groups, while it is not easy to follow in older fish. 
27. 
3. Growth in general 
It has been found again, that the growth rate of roach is slow, 
this very much agrees with Mills' findings in 1971, There is a 
slight difference in the figures which may be due to the use of 
observed length instead of using back calculation. Details of 
fish examined every month is shown in appendix 7, and the pattern 
of the growth is shown in Figures 10 and 11. It appears that the 
fish have a good growth in their first three years, but later the 
growth slows down. During their third year and onwards, females 
increase in length and weight more than males, with average 
differences of 1 cm in length and 14.5 g in weight. 
The annual length increment is shown iii 'Table j. The màicimum 
length increment is within the first three years; it is about 2.7 cm 
every year, which is about 13.7% of their length. After this age, 
the growth rate decreases until their tenth year of life, with an 
average increment of less than 1 cm every year. 
Fatness of the fish is determined by the equation: 
Yr 
F = 100 13 
where F = condition factor 
W= weight in grams 
L= length in centimetres 
The results were derived from over 1500 roach of all sizes and age 
groups, shown in Appendix 8. Their mean condition was found to be 
1.29. The monthly and seasonal changes in the condition factor are 
shown in Fig.12. 	In spring the condition factor increases and 
decreases during summer. ftom the monthly change the highest value 
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Table 7. Annual increment in length of fish (cm). 
No. of fish Age Average Annual Increment 
examined group Length Increment from the Length 
cm.  
35 3.5 
94 2 6.4 2.9 14.9 
130 2- 3 9.1 2.7 15.9 41.1 
80 5t_ 	4 11.5 2,4 12,3 
96 5 13.2 1.7 8,7 
92 5_ 6 14 , 1 0.9 4.6 18,9 
55 
+ 
6- 7 15.2 1.1 5.6 
25 7k.- 8 16.5 1.3 6.7 
165 8- 9 16.6 0.1 0.5 11.3 
132 9 	10 17.4 , 	0.8 4.1 
26 10k- 11 18.2 0,8 4.1 
2 11 	12 19,4 1.2 62 10.3 
29 
Increases faster during the first few years, slows down during the 
fourth year and continues without change till their eighth year when 
they start improving again (Pig.13). 
4. Scale examination 
a. Annual check and growth rings. 
- 	Younger age groups, up to 3+• old, were found to lay their 
annual cheek earlier than older ones. These groups put their check 
during the period from the end of May to the beginning of June. They 
also, laid down more narrow rings than older fish. The average number 
of narrow rings in the first year is 3 while it is 6 in the second year 
and only 1 or 2 in later years. The first sign of the narrow rings 
in smaller age groups seem to appear at the end of July or the 
beginning of August. Older fish seem to start their new growth 
later. 	It was difficult with these fish to determine the time when 
they lay their check. However, it is found from observation on 
scales of small fish that the annual check appears when the new growth 
starts. 
It is found that during the second year of life the fish add 
more growth rings than any other years (Table 8). From the end of 
May to September they add an average of 19 growth rings, which is 
much more than any other years. The period of laying down most of 
their wide rings was found to be very short and is from the beginning 













30-6.0 6.1-8.0 81-100 101-12.0 121-140141-15.0 151-16.0 161-170 171-18.0 181-19.0 19.1 	+ 
31. 
Table B. Number of growth rings outside the last annual check 
in different age groups of roach (Humble Reservoir, 
September 1970). 
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b, Spawning mark, 
In certain ages fish scales were found to show some kind of 
erosion or absence of part of their anteriodorsal corners (Plate 
4). This phenomenon was observed in mature fish after their 
spawning season, also observed in old fish, in certain years of 
their life. 	It was possible to count the number of these erosions 
and from the data collected it was found that certain age groups 
show similarity in the time and number of these erosions on their 
scales. In age groups 8 + and 9+ about 706 of them show this 
character on their scales in the sixth and eighth year of their 
life. This character is considered as a spawning mark and is 
probably caused through the spawning process. 
c. Me of maturation and spawning. 
Some of the roach in Humbie Reservoir reach their sexual 
maturation by the end of their third year, but scale-examination 
showed that the majority of the examined fish spawned at the end 
of the fourth year. Some of the males mature earlier and spawn, by 
the end of their third year. Some fish mature and spawn later than 
the fifth or sixth year. 
The scale examination showed that about 14% of the third year 
population spasms a 
males were found to 
then the percentage 
onwards (Table 9). 
gradual increase in 
age. 
d they were all male. A higher percentage of 
spawn at the end of their fourth and fifth year, 
of female spawners increases from the sixth year 
In the same table it is very clear to see the 




Table 9. Number and percentage of spawners in each age group. 
Age Total Spawned roach 
Group No. of 9 çf 9 
fish 
examined No. No. No, 
3 29 4 13.8 4 100 - - 
4 99 52 52.5 34 65.4 18 34,6 
5 92 77 83.7 39 50.6 38 49.4 
6 55 54 98.2 24 44.4 30 55.6 
7 25 24 96.0 9 37.5 15 62.5 
8 165 163 98.8 65 3 9.9 98 60.1 
9 132 127 96,2 46 36.2 81 63,8 
10 26 25 96,1 7 28.0 18 72.0 
11 2 2 100.0 1 50.0 1 50.0 
33. 
Spawning frequency. 
From counting the number of spawning marks on the scales it 
was found that the maximum number of times of spawning was 7 in the 
males and 8 in females, but the majority of the fish were found to 
spawn every two years. Average spawning times was 2 while some of 
the fish had not spawned at all. Very few of the older roach were 
found to have spawned earlier in life, most of them had spawned by 
the end of their 6th year, particularly 8+  and 
9+  age groups 
(Table 10). 	About 72% of them were spawned for the first time 
at the end of their 6th year and 68% at the end of the 8th year. 
Only 19% of these two age groups were found to be spawned in their 
4th and 5th year, 68% of the fourth and fifth year age groups were 
found to be spawned. 
Spawning and growth. 	- 
The year of spawning, frequently is distinguished by being of 
small annual growth with spawning mark. Sometimes even the year 
after the spawning, has little growth too. In general, fourth, 
sixth and eighth year of life of roach were found to show poor 
growth. The fish grow faster during the first three years of life, 
then they become mature and start spawning. Some of the fish spawn 
later in life and these were found to continue growing well until 
the year of spawning. In all cases the roach was found to slow 
down in growth after spawning, 
M 
Table 10. Details of spawning frequency in young and old roach. 
Month No. of fish spawned each year 
Fish of age Fish of age 8 and 9 
4&5 3 4 5 6 7 8 9 
February 70 10 1 2 6 22 9 29 12 
March 11 - 1 2 25 5 23 6 
April 13 - 3 4 21 11 24 8 
May 10 - - 1 171 15 6 
June 6 1 3 - 26 1 20 7 
4August 14 - 2 2 26 1 18 17 
31 	August 12 2 1 2 21 5 16 12 
September 8 - - - 6 
- 3 5 
October 15 2 3 7 12 5 13 4 
November 8 - 6 9 16 12 2O 7 
December 12 - 
- 3 17 10 17 17 
January 71 8 - - - 6 3 5 5 
Sum 	 127 	 6 21 36 215 	63 203 io6 
Total No. of 
fish examined 	188 	 297  
Percentage 	 67.5 	 2.0 7,1 12.1 72.4 21.2 60.3 35.7 
35, 
5. Discussion 
hills (1971) compared the growth of roach from Humbie Reservoir 
with some other waters in the British Isles and concluded that, with 
the exception of the River Thames, the roach -in Humbie have a very 
slow rate of growth. 
There are four major characteristics in the growth of roach. 
One is the clear variation in growth within the members of each age 
group, particularly older ones, and secondly, the difference in 
growth between male and female. The third is the fast growth in the 
early years of life and the decline later on, and finally the short 
period of fast growth each year. 
The first problem was also recognised by some other workers, 
particularly Hartley (1947 a,b) and Cragg-Hine & Jones (1969). 
They found that in one age group, roach shows an enormous variation 
in length. It is likely that this difference is due to the 
variance in some biological activities also the consumption of more 
food by some fish than others throughout their life. No distinct 
difference was found in the growth of male and female roach during 
their first and second year of life, but after their second year, 
female roach grow faster. This is similar to what is obtained by 
Hartley (1947 a), Pihu & Pihu (1962), Holóik (1967 c), Langford 
(1965), Romanski (19 65), Cragg-Hine & Jones (1969) and Mills (1971). 
In all cases the difference begins when the fish complete their 
sexual maturation and start spawning. 
From Table 9 and observations on the conditions of the gonads 
of males and females, roach have shown that the males reach their 
sexual maturity and spawning condition earlier than females (Hartley, 
1947 a, b; Jones, 1953; Pihu & Pihu, 1962; Roman.ski, 1965; 
36. 
Picza1ska 1968; Cragg-Hine & Jones 1969; and Mackay & Mann, 1969) 
Brown (1957) stated that a decline in growth rate of the fish will 
follow the maturation and first spawning. It is clear from this, 
that the earlier the fish matures the quicker their growth rate 
declines. The earlier maturation of male roach, is probably the 
reason for their slow growth in later age groups, and explains the 
reasons for the better growth of females which were found to mature 
later and attain greater sizes. Roman.-ski (1965) has found that 
roach in their first years of life increase in length by an average 
of 3 cm per year but only 1.5 cm in oldest age groups. This is 
likely to be the case in Humbie Reseivoir where the roach increase 
faster in length during their first three years of life adding 
average of 2.7 cm each year, while it is less than 1 cm in later 
years. 
It was possible to detect the time of annual length increment 
in younger age groups because of their regular growth and their clear 
scales. Older age groups, due to their irregular growth and uncertain 
timing of the beginning of their annual growth, have not been studied. 
It was found that the time of active growth of the younger roach is 
very short. 	It lasts about two months in the summer, beginning of 
June to the end of July. This agrees very much with the findings of 
Williams (1967) and Cragg-Hine & Jones (1969) while Hartley (1947 a) 
found that the chief period of growth is late summer and early 
autumn. A small amount of scale growth appeared to take place during 
the winter (cragg-Hine & Jones, 1969) while Mann (1965) found that 
growth ceased during the autumn and winter months. 
37. 
The average daily increments of body length decreases with the 
increasing age, but the average daily increments of body weight 
increases with increasing age (Holóik, 1967 c), 	It is likely that 
roach in Humble reservoir achieve heavier weights in the older age 
groups, particularly from their eighth year onwards. Many workers 
agree that the condition factor of the roach increases with age 
(e.g. Healy, 1956; Skora, 1964 b and Holôik 1967 c), and this is the 
same in males and females (Skora, 1964 a), Hartley (1947 a) has 
found that the condition of the roach varies in the course of the 
year and it is highest in spring and early summer, probably connected 
with the maturation and spawning. For this reason Pihu & Pihu (19 62) 
think that itis advisable to use the gutted weight and not whole 
weight, 
Scale examinations have shown that young fish lay their annual 
check and start their annual active growth earlier than older ones. 
This has not been given any attention by many workers, and they 
always generalize their conclusions. 	Holóik (1967 a, b) is the 
only one who found similar difference in roach and Campbell (1969) 
in Emerald Shiner. But most of them admit that the annual check 
is formed every year, at the time when the new active growth starts 
(Hartley, 1947 a; Karpinska-Y[alus, 1961; HoThik, 1967b and Cragg.- 
Hine & Jones, 1969). 	Hàlik (1967 b) has found that roach over 10 
years old form their annual check only in kagust. 
Hartley (1947 a) thought that checks with a transparent outer 
section, which appears third or fourth in order, on the scales of 
roach, are spawning marks. He also suggested that the rings on the 
scales of adult roach are spawning marks. This is not accurate 
since not all the roach repeat the spawning annually, and from the 
38. 
present study it was found that most of the roach in thimble 
Reservoir spawn every two years and some spawn once or do not 
spawn at all, although they have checks every year. Jones (1953) 
examined the roach scales and noticed that erosion was present only 
on the scales of ripe or spent fish, he concluded that these are 
definitely spawning marks, 110161k (1967 b) has used these marks 
to determine correctly the number of spawning seasons in the fish's 
life and described them as irregular circuli which are often 
interrupted and strongly waved. Cragg-Hine & Jones (1969) have 
concluded that the erosion is due to the resorption of scale 
material in the lateral region of the scale. 
There are certain points which may be necessary to raise in this 
discussion to arrive at any conclusion. 	It is found that these 
features on the scales appear in different years during the life of 
the fish and after spawning. They have been observed on the scales 
of roach from different localities and even under different conditions. 
In the River Tweed where the growth of the roach is good (Mills 1970, 
1971), roach scales were examined and they showed these characteristics. 
In addition to this, the fact that spawning in roach is very violent 
and causes mechanical damage to the body in general and to the scale 
in particular (Holöik 1967 b, c). With all these stands the fact 
that it is not necessary that resorption be only in these particular 
parts of the scale in every case. From this,one can conclude that 
this erosion (Plate 4) is definitely a spawning mark as has been 
stated by Jones (1953). 
Male roach mature and spawn eaxlir than females. This is 
natural in roach as well as many other fish and has been found in many 
39, 
other studies (e.g. Hartley, 1947 a, b; Jones, 1953; Pihu & 
Pihu, 1962; Roman ski, 1965; Peezaiska, 1968; and Machay & Mann, 
19 69). 	Probably it is interesting to notice that there is a 
gradual change in the proportion of nature males to the females 
in the roach population. It has been mentioned by many workers, 
that male roach dominate the younger age groups, Pinika (1972) 
explained this as due to the earlier maturation of the males. 
The proportion changes late and the females start dominating the 
older age groups (Hartley, 1947 a, b; Healey 1956; Lelek 1965; 
Hellawell, 1969; Mackay & Mann, 1969 and Bray, in the press). 
In Humbie Reservoir, males dominate the younger age groups till 
the fourth year. In this year the males comprise 65.4% of the 
nature population. During the fifth year the percentage is more 
or less equal (50.6% male and 49.4% female). This proportion 
changes in the older fish and males are only 28% in 10 age groups 
Hartley (1947 a) stated that in younger age groups the males die off 
more quickly than the females and the opposite in older age groups. 
Leiek (1965), Holôik (1967 c) and Peczalska (1968) found that 
mortality rate of males is higher than that of females. Scale 
examinations have revealed the fact that, there is less chance of 
the early spawners reaching an old age, and most of those who spawn 
later in life can survive and reach older ages. Holèik (1967 b, c) 
found that repeated spawning, decreases with the increasing age and 
reaching higher ages exist only for those specimens which do not 
repeat their spawning annually or which do not spawn at all. In 
Hunbie, about 70% of the older age groups spawned for the first time 
at the end of their sixth or eighth year of life, a very small 
percentage of them spawned earlier than that. Although a very high 
40. 
percentage of the roach were found to have spawned in earlier ages. 
Mackay & Mann (1969) noticed a steady decline in the maturihg roach, 
which they related to follicular atresia or higher mortality of fish 
with active gonads. Holèik (1967 c) found higher mortality in roach 
of 5-8 years old than younger ones (1-3 years), he also related this 
to disease or spawning damage. 	- 
It appears that this is another general phenomenon in the roach, 
since it happens to the species from different localities at different 
times. The relation between spawning and mortality in the fish has 
shown that the very violet spawning is responsible for the death of 
many fish every year, which in turn causes the fluctuation in the 
proportion of males and females. 
Annual growth on the scale is found to be small during certain 
years of life, particularly in the fourth, sixth and eighth year of 
life. Similar results were found by Cragg-Hine & Jones (1969) but 
they related the poor growth in certain years of the life oil roach 
to environmental conditions, specifically the temperature. This 
poor growth is. associated with certain years of the life of roach, 
from different localities and calendar years and usually ended with 
a spawning mark. It is the belief that the poor growth is more 




Various techniques and methods available for the estimation of 
food composition of fish have been reviewed by many workers, in 
particular Ilynes (1950), Bali (1961), Graham & Jones (1962), Cragg-
Hine (1964) and Viindell (19 6 8). 	In 1971, Heliawell and Abel 
discussed these methods and developed a rapid volumetric method for 
food analysis of fish. Their technique involves squashing the 
material to a uniform depth in a glass cell, and the area of the 
squash determined. All these workers and many others have 
discussed these methods and showed their advantages and disadvantages. 
In the case of the present study, some of these methods were used, 
besides an attempt to apply a new technique to assess the total volume 
and total weight of the food of roach. This method has been chosen, 
because of the simplicity and ease of its application, In addition, it 
gives a direct measurement of the volume and weight of contents. All 
these advantages make this technique more satisfactory. 
2. Materia]sand_Methods 
From January 1970 until January 1971, the roach population was 
sampled each month with a 200 foot small meshed sweep net. The fish 
were brought to the laboratory as soon as possible. Their fork lenh 
was measured, they were weighed and sexed. Their digestive tracts 
were removed and preserved in 4% formalin. 
As there is no stomach in the roach (Al-Hussaini, 1949; Aldoori, 
42 
in the press) the contents of the first loop of the tract andthoseof_' 
quarter of the second loop were examined. The examined portion which 
will he called "Standard Portion (Fig.14) was opened by a longitudinal 
incision, and the state of the fulness recorded. It was convenient in 
this "Number-Volume-gravimetric study to differentiate the state of 
the fullness into the following categories: 
Full - when the contents occupy all the portion 
Full - when the contents occupy three quarters of the portion 
- Full when the contents occupy two quarters of the portion 
* Full - when the contents occupy one or less than a quarter 
of the portion 
Empty - when there is nothing in the portion 
All the contents were removed by forceps, to minimize the quantity 
of mucus with it. 	 - 
To assess the total volume and total weight of the contents, a 
new technique was established. This involved using a graduated 
centrifuge tube (Plate 5), where the contents with water were placed, 
and centrifuged (type IfiSE) at 1200-1300 R.P.M.,for five minutes. 
The volume was read and the supernatant water was removed using a 
disposable plastic syringe. The tubes were placed in an oven for 
a suitable period until the remaining water above the contents 
pellet had evaporated, but the contents had not started to dry up or 
reduce in volume. Then the weight of the tube with the contents was 
recorded, After removing the contents from the tube to a watch 
glass, the tube was placed in the oven to dry, then its weight 
recorded. The difference, between the weight of the tube with the 
contents and the weight of the tube empty, is the weight of the 




small, the tract was theoretically divided into twelve parts, the 
first five approximately resemble the part examined in the upper 
age groups. 
For counting and identifying the organisms, a 1 cc plankton cell 
has been used. Counting was confined to Orustacea and Chironomid 
larvae. All the Copepods, Cladocera and Ostracoda were grouped as 
Crustacea, while in the case of Chironomid larvae, skin and head 
capsules were counted separately and the number recorded was the 
smaller of the two, the extra figure was excluded. In some cases 
where the Crustaceans were macerated only their occurrence was 
recorded. In addition to measurements of the volume, weight, 
particular organism counts, the occurrence of every item in the bulk 
was recorded. - This was originally because some of the contents 
were uncountable either because they were numerous, like diatoms or 
easily digested like Oligochaeta. 
The total volume and total weight of the contents were determined 
by the centrifugation method very easily, thus making the technique 
ideal for evaluating the food of most of the cyprinid fish since they 
macerate and mix their food. Also, it makes it easy to measure a 
large number of fish at a time, and it is not technically complicated. 
Although having these advantages, this method is subject to some 
disadvantages, like most other methods. Its inability to measure 
each item of the contents could be one of its major disadvantages. 
Although, separating each item by hand could be a method to overcome 
this problem. The occurrence of digested oligochaeta mixed with the 
contents makes it difficult to separate each item. The same could 
be said about the great number of diatoms. It is probably possible 
to overcome these disadvantages by some modifications to the 
technique. 
44. 
It has been suggested that it is better to analyse the data 
obtained from food studies, according to the length of the fish and 
not the age, as the length of the digestive tract of the fish is 
longer as the fish increase in length (Al.Hussaini, 1949, table i), 
(Skora, 1964) and (Ai-Hamed, 1965, table 1), also some old roach are 
small in size with short guts, it is much clearer to compare volumes 
and weights of the food, between small and big fish than on the basis 
of age. 
3. Results 
The total of 1040 roach from Humble Reservoir were examined. 
The tracts of about 15% of these fish were empty. From the 65% of 
the fish with food, 31% were full, 187o were j full, 22% - full and 
about 14% were full. The number of fish examined each month is 
shown in Table 11. Seasonal change in each stage of fullness is 
illustrated in Fig-15. 
a, Changes in feeding activity: 
Feeding of roach has been found to be variable from one 
season to another (Fig.16). Generally, a high percentage of empty 
tracts (about 21%) was observed during winter months. It is 
noticeable that the tracts were full of mucus at that time. Empty 
tracts occur at a minimum in spring, when the percentage decreased to 
about 4.7% and gradually increased as the summer came when it reached 
about 12.5%. In autumn it was 17.5% and even greater in the next 
winter. 
During March and September the fish were found to feed less than 




Table 11. Number of fish examined each month. 
Date 	Total No, 11o. 	of fish examined in each state of fullness 
of fish Empty with contents 
Fall full full full Total 
16 January 1970 126 53 27 15 25 26 93 
23 February 93 12 30 18 20 13 81 
18 Iach 87 21 19 3 27 17 66 
1.4 April 79 4 25 14 20 16 75 
12 May 68 1 34 14 13 6 67 
10 June 73 6 23 17 15 12 67 
4August 88 4 46 25 11 4 84 
31Augast 82 7 39 13 17 6 75 
29 September 57 15 12 15 8 9 44 
28 October 72 14 19 10 15 14 58 
26 November 78 5 13 28 27 5 73 
17 December 77 21 24 11 9 12 56 
12 January 1971 60 11 13 6 20 10 49 
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samples of May show lowest empty tracts, which.was 1% only. To 
express the state of nourishment of the fish, the index of fullness 
was used (Nikolis1 1963), as a ratio of the mean weight of the 
contents of the standard portion to the mean weight of the fish 
examined each month. The results are shown in figures 17 A & B. 
The maximum index can be observed in June, where it reaches 0.017, 
while the minimum of about 0,006 is found in both January 1970 and 
January 1971 (Pig.17A). It is probably interesting to notice the 
gradual decline of the index as the fish increase in size (Fig , 17B). 
The Size of Fish and Food intake. 
Figure 18 illustrates the change in the total volume and weight 
of the contents according to the change in the size of the fish. 
• - It seethtiif fteincreasé irthe. weigliCäffdthe vItmciadirect1y 
related to the increase in size. Seasonal variation in volume and 
weight of the contents of each size group can be seen (Table 12 and 
Figure 19). In general, most of the fish have higher volumes and 
weights of contents during spring except fish of"size 17 and 18 cm. 
They showed higher volumes and weights in summer. 
Feeding of males and females. 
'fable 13 illustrates the average volume of the contents for male 
and female roach throughout the period of the study. It is noticeable 
that the average volume of the contents in males is 4.9 ml , which is 
similar to 4.7 ml for females of the same sizes. 	There. is a 
difference between both sexes if larger fish, which are all females, 
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LENGTH (Cm.) 
TP3LE 12. Average volume and average weight of the contents in each size group throughout the year 
Month 	 SIZE GROUP 
3.0 - 6.0 	6.1-10.0 10.1-13.0 13.1-14.0 14.1-15.0 15.1-16.0 16.1-17.0 17.1-16.0 18.1-19.0 19.1-over 
Volume (ml) 
J. 70 	- 0.61 0.74 1.46 1.81 3.71 2.90 3.58 2.75 6.00 
F. 	- 0.39 1.68 3.09 3.56 3.31 4.91 5.12 5.66 8.25 
N. - 0.54 1.14 1.77 3.57 3.17 4.66 5.08 - 5.00 
A. 	- - 1.80 3.13 2.69 3.33 3.66 3.50 5.82 8.50 
N. 0.13 0.86 2.65 4.67 - 7.65 11.06 8.50 10.10 28.00 
J. 	0.03 1.20 3.21 5.66 	1 8.08 8.07 9.08 11.11 9.50 5.00 
4A - 1.38 2.61 4.77 6.20 4.16 8.05 11.86 11.94 14.00 
31A 	- 0.87 1.61 3.22 5.35 5.29 7.36 10.33 7.00 13.60 
S. - 0.46 1.78 3.82 4.25 4.20 - 4.00 - - 
0. 	- 0.51 1.39 4.03 4.75 4.32 8.37 5.37 12.25 13.00 
N. - 0.76 1.41 3.61 4.25 6.00 4.86 6.99 7.83 - 
U. 	- 0.40 1.72 3.12 4.00 3.46 6.19 5.00 8.60 8.31 
J. 71 - 0.37 1.18 1.91 2.52 1.72 3.60 2.06 9.16 - 
TABLE 12 (cont'd) 
Month SIZE 	GROUP 
3.0- 6.0 6.1-10.0 10.1-13.0 13.1-14.0 14.1-15.0 15.1-16.0 16.1-17.0 17.1-16.0 18.1-19.0 19.1-over 
Weight (g) 
J.70 - 0.0545 0.0804 0.1419 0.1704 0.3931 0.2782 0.3555 0.2993 0.5390 
F. - 0.0594 0.1715 0.2924 0.3717 03268 0.4217 0.4862 0.4966 0.7540 
 0.0521 0.1153 0.1811 0.3360 0.3674 0.4833 0.5547 - 0.4610 
A. 0.0084 - 0.2366 0.3288 0.3603 0.3045 0.3454 0.3568 0.5692 0.9470 
 0.0053 0.0966 0.2331 0.4696 - 0.8235 1.1653 0.6086 1.0640 3.0450 
J. 0.0027 0.1137 0.2640 0.5169 0.8366 0.8164 0.9551 1.1144 1.0235 0.5390 
4A. - 0.1572 0.2380 0.4907 0.5346 0.4183 0.8245 1.2610 1.2133 1.4315 
31A. - 0.1186 0.1546 0.2774 0.4955 0.5148 0.8267 0.9462 0.6730 1.3516 
S. - 0.0550 0.1884 0.3874 0.4620 0.4341 - 0.3575 - - 
0. - 0.0596 0.1562 0.4375 0.5450 0.4748 0.8835 0.5447 1.3536 1.2990 
N. - 0.0598 0.1369 0.3462 0.4281 0.5908 0.4741 0.6593 0.7697 - 
D. - 0.0385 0.1795 0.2880 0.3936 0.3290 0.5754 0.4845 0.8926 0.6367 
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Table 13 Average volume of the contents lit male and female 
roach in different size groups. 
Volume of the contents (ml) 
Size group 
-.> 12 cm 1,9 1.9 
12.1 13.0 3.4 2.3 
13,1 14.0 3.9 3.7 
14.1 15.0 4,4 4.0 
15.1 16.0 5.9 4.3 
16.i 17,0 6.4 6.9 
17.1 18.0 8.1 7.5 
18.1 19.0 9.7 8.6 
19.1 - 11.0 
Average volume 
"from similar 	4.9 	4,7 
sizes fish" 
Average volume 
"from all fish" 	4.9 	5.6 
50. 
51, 
d. Seasonal changes in volume of the contents. 
Observations on. the change in the total volume of the contents, 
combined with direct measurements, have shown that the volume is 
subject to seasonal variation (Fig.20), The average volume of 
thirteen ionths.' samples was about 3,8 ml, 	During spring and 
summer the volume increases considerably to reach the maximum 
average of 4.67 ml, A small volume was observed in winter time 
when it reached the minimum of 2.75 ml. March and September showed 
very significant drops in the volume, while in August it reached the 
maximum average volume of about 6.4 ml. 
Seasonal changes in weight of the contents. 
The same pattern of changes can be seen from Fig.21. Similarity 
in the pattern of figures obtained from the volume and weight are 
noticeable. The ratio between the total weight and volume is 
approximately about 1:1. Maximu.m average weight of food was 0.471 g 
in summer, the minimum was 0.271 g in winter. Highest average weight 
of 0.662 g was recorded at the beginning of August. 
Composition of the Contents. 
The contents were mixed and the animals were macerated to the 
extent, that they were hardly identifiable, unless examined under 
high magnification. The green colour of the contents was one of the 
distinguishing features during late spring and summer in particular. 
In most cases mucus and even the walls of the alimentary tract were 
dyed with this colour. 	It is the opinion that not only the presence 
of large quantities of plant material in the tract at this time of 
the year, but also the excretion of large quantities of the bile, 
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clearly distinguishable in cold seasons as the tracts were lined 
with a thick layer of it. During warm seasons this has not been 
observed, which probably is due to the fullness of the tract. 
From analysing Table 14, the contents could be divided into 
three major categories, animal material, plant material and bottom 
mud deposit - seasonal variation of the percentage of occurrence of 
the major items is shown in Figure 22, 
i. Animal material. 
Few kinds of animals have been found to occur, mainly free 
living Cladocera, Copepoda and occasionally Corixidae and other 
insects. The major part of the animal food is bottom living organisms 
such as Chironomid larvae, OiLgochaeta and Ostracoda. Seasonal 
changes in number of Chironomid larvae and Crustacea in the tract 
can be clearly seen from Figure 23. The fish consume more Crustacea 
and Ch.ironomids in spring and summer but the number decreases again 
towards the end of autumn. A small number of these animals was 
recorded in winter. During spring and summer a smaller number of 
fish is found to consume Chironomid larvae (Fig.22 c), at the same 
time the consumption of Chironomid pupae is increased (Table 15). 
Crustacea, and in particular Cladocera, have been found to show very 
interesting points will also be discussed in some detail. The number 
of Crustaceans consumed by different groups is shown in Fig.24. In 
summer, small fish consume more Cladocera and Cyclops than any other 
group. The maximum average of over a thousand Czustacea per fish, 
is recorded at the beginning of August. Another peak could be 
noticed in autumn. Larger length groups actively start feeding on 
Crustacea earlier in the year than smaller groups, although the latter 
consumes more. 
52. 
Table 14. The items found in the alimentary tract of the 
roach (Humble Reservoir). 
Item 	 Remarks 
Fish remains occasional (Stickleback) 
Molluscs mainly pieces of empty 
shells 
Chironornid larvae permanent 
Chirononid pupae occasional (spring and 
summer) 
Forcipomia occasional 




Higher plant material permanent 
Desmids Most of the time 
Filamentous algae permanent 
Diatoms permanent 
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Table 15. Change in the percentage of occurrence of Chironornid 
pupae in the alimentary tract of roach. 
Month Total No. No, of fish % occurrence 
of fish with pupae of pupae 
April 1970 75 6 8,0 
May 67 35 52.2 
June 90 23 25.5 
4 	August 84 15 17.8 
31 August 75 13 17.3 
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The rest of the animal material in the tract was mainly remains 
of Oligochaetes. This kind of organism has been found to he one of 
the most interesting findings. Their presence in the diet was 
confirmed by identification of the "bifid crotchets" (Brinkhurst, 
1963) which in a very few cases, were still attached to the skin of 
the Oligochaetes (Plate 6 A & B). 	It would appear that Oligochaetes 
are one of the main food items of roach from their second year of 
life onwards. They appeared in the food of about 77% of the fish 
examined. Their seasonal change in the diet of roach (Pig.22B) is 
characterised by a high percentage of occurrence during spring and 
summer. The maximum average of about 95% was in May, and the 
minimum average of 50% was recorded in January 1970. Occasionally 
other animals such as molluscs and Asellus occurred mainly during 
the last few months of the sampling. Ohironomid pupae also appeared 
in the contents during pupation. season, this subject is discussed in 
the bottom fauna, and more details will he given later, 
ii-Plant material. 
The animal food was combined with recognisable amounts of plant 
material, such as diatoms, filamentous algae higher plant detritus 
and, in late autumn, plant seeds. The volume and weight of this 
part 0± the contents was included within the total volume and weight, 
due to the difficulty of separating them from the animal part. Only 
their percentage of occurrence was calculated monthly and seasonally, 
as shown in Fig.22D. It is clear that no seasonal variation in the 
occurrence could be observed. More diatoms occurred in spring and 
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Filamentous algae were found in very small quantities, a few threads 
at a time, and it seems that their presence in the tract is not 
significant. Generally, it has been found that the occurrence of 
plant material is about 80%, which is very similar to that of animal 
food. 
iii. Bottom mud 
Most of the cold seasons samples were found to have a muddy 
appearance. Sand and stones, combined the plant and animal material, 
sometimes in large quantities were present. About 730/.' of the total 
number of fish have this material in their tracts, most of them were 
bigger fish. This percentage increases in winter and autumn to about 
82% (Fig,22E). 	In addition to the sand and small stones, pieces of 
diatoms and shells of Cladocera were found. 
4. Feeding habits of roach 
Studies of the food and feeding habits of roach are extensive. 
HruMca (1956) reviewed the studies carried out on the food of the roach 
up till that date. It appears that since the start of this kind of 
study there has existed the problem of deciding what the roach is 
really feeding on. It is an "everything-eater' as it was called by 
Semenow and Ieonhardt. 1 Some other earlier workers stressed the 
special importance of the animal food (}authe) while others believe 
that the roach is a plant eater (Arnold,1901 & Willer,1924) 1 . 	Later 
it was called omnivorous (Spicer, 1939; Hartley,1940 and Varley,1967). 
The most recent workers findings are that a large proportion of plant 
56, 
i.Stadel, 1936 
material occurs in the tract of roach (Cragg-ilinb, 1963, 1964; 
Heliawell 1969; Barnabas (in the press); Britton (personal 
communication). 
Studying the feeding behaviour of this fish is a great help in 
explaining the presence of different kinds of material in the tract. 
Attention should be given to the structural characteristics of the 
fish, also its shoaling behaviour and the changes in feeding according 
to the age and season. 	In addition to these, the ecology of the water 
in which the fish lives, should he considered. The latter includes 
the bottom fauna, water plants and plankton. 
Previous workers differ in detecting how and where this fish 
feeds. Hogan (1911) considered it to be a bottom feeder, while 
Evans (1940) reported it being a surface feeder. In autumn and spring 
the roach rises to the surface at night and feeds on the aerial insects 
(Nikolslçr 1963). 	Al-Hussaini (1949) observed that roach secures 
food which is moving freely through the water.. Dunn (1954) and 
Hellawell (1969) classified the roach as an "essentially bottom 
feeder". Fennell in 1870 stated that "The structure of the mouth 
affords strong evidence that it is the nature of the roach to feed at 
various depths". Furthermore, during the third year of life and 
onwards the fish feeds at the bottom of the littoral zone taking 
advantage of both epiphytic plants, certin bottom fauna and also 
food originatingfrom the atmosphere (Stangenberg 1958). Pliszka 
(1953) in detecting the seasonal distribution of the feeding grounds 
of roach, illustrated that roach feeds i n the pelagic zone only in 
summer while littoral and sublittoral zones are its ground throughout 
the year. Paschalski (1958) agrees with Pliszka that roach feed in 
pelagic, littoral and sublittoral zones, but Filuic & Zrmidzinski (19 65) 
come to the conclusion that roach is a bottom feeder, as did Mackay & 
57. 
58. 
Mann (1969). 	Grimis & Nilsson (1965) said that the roach feeds 
onpiants and bottom animals, while Holóik (1967 c) was able to 
catch the roach only near or among the overgrown aquatic plants 
and supposed that the roach feed mainly on plants together with 
animals attached to them. Berrie (1972) mentioned that large 
numbers of fish move among the aquatic plants and the invertebrate 
fauna is an important part of their food supply. lladforth (1940) 
suggested that feeding of roach depends on the season, as did 
Skora (1964 a, b).. 
The literature shows that the food of roach differs according 
to the age. They feed on plankton during the first and second year, 
while afterwards they change to a more vegetable food (Hruka, 1956; 
Kempe, 1962). Skora (1964 b) found that younger roach feed on 
plants and Crustacea, while older fish feed mainly on insect larvae 
and molluscs. Such differences have been found also by Stankowitch 
(1921)1, Neuhaus (1936)2, Spice (1939), Stangenberg (1958), 
Vaskevicjute (l959) and Langford (19 65). 
The present detailed study of the contents of the standard 
portion, which is based on specimens of different sizes and different 
seasons, combined with observation on the feeding behaviour of this 
fish in an aquarium, has shown that roach has a very varied feeding 
habit. It seems that this fish is able to get its food from free 
water living organisms and from the surface of emergent plants as 
well as from thebottom. But in different ages and seasons the fish 
show a greater interest in a particular one of these food resources. 
1 Keinpe (1962) 
2 Hartley (1940) 
3 Holöik (1967c) 
Shoaling behaviour of the fish, particularly in the feeding 
grounds, has a marked effect on the quality and quantity of food 
which every individual fish can get. This is more effective if 
the fish are from the sane species. In these cases they feed less 
intensively than if they were isolated (Nikols1r, 1963), even when 
the preferred food is present (Maim, 1967). It seems that every 
member in the shoal is directly connected with the rest and reacts 
as they do. It has been observed by Fennell 1 that if the largest 
fish rejects the food, none of the others will touch it, and after 
doing so the shoal will swim away. Naturally, competition will 
occur if the food is acceptable to one or more members of the shoal. 
Not only behavioural aspects, but certain anatomical features 
may be considered in the feeding habit of this fish. Evans (1940) 
and Hruka (1956) found that roach depends very much on its vision 
when searching for food, which is directly connected with its large 
optic lobes. Kirka (1962) working on the microscopical shape of the 
brain of the genus H.utilus, and comparing the shape values with the 
environmental conditions and the mode of nutrition, comes to 
conclusions about an adaptive connection between the shape of the 
brain and the way of life of the fish. According to Hellawell (1969) 
the youngest group of roach ate large volumes of soil, mud and sand 
but little of this material was eaten by older ones. Re suggested 
that young roach may feed less selectively than older roach and 
possibly take in the whole bottom material with the flora and fauna 
included in it while the older roach are more selective and graze the 
substrate, selecting the food items in it and rejecting the inert 
material. The palatal organ affects to some extent the process of 
59, 
1 Regan (1911) 
separating and sifting the mixture when it goes through the buccal 
cavity. It appears that the construction of the palatal organ of 
the mouth of the roach is not very effective for sorting, sifting 
or retaining due to the small vagal lobes (Evans 1940). For this 
reason, it is likely that the fish will not be able to reject 
unacceptable particles combined with the food. Mud, stones, broken 
diatoms, pieces of shells of dead Cladocera, feathers and many other 
worthless things which occur in the gut, may support the above idea 
on one hand and raises the question of "What is the roach actually 
feeding on....?" on the other. 	In any food study of a species of 
- 	fish, one should consider that it is not accurate to generalize about 
its feeding habit and ignore what food organisms are available and 
what species of other fish are in that community, which may compete 
with them (Mann, 1967). In considering this and examining the 
tract contents of the roach carefully, one can judge approximately, 
where the fish was feeding. Also it may show the movement of the 
fish from place to another during different seasons (Jeltenkova, 1939). 
In general, it is possible to identify four types of feeding. 
1; Feeding on free water living organisms; 
This sort of feeding is characterised by the scarcity of plant 
material (Diatoms, filamentous algae and detritus). The contents 
consist mainly of animals such as Crustâcea and water insects etc. 
2. Feeding from the surface of the water plants: 
Colonies of Crustacea are present (ivtyers, 1946) also insect 
larvae (e.g. Chironomids) and some times Oligochaeta, on the emergent 
plants. 	In this case epiphytic plants occur in the tract and 
frequently in large quantities. This way of feeding is very common 
during spring and summer. 
Go, 
3 , Feeding from the bottom: 
If the fish feeds from the bottom, searching for insect larvae 
and Oligochaeta the contents of the tract will he characterised by 
the presence of mud, sand, some small stones also pieces of broken 
shells of Crustacea, broken diatoms and higher plant material. 
4. Combined feeding: 
The fish in many cases combines two or more of the previous methods. 
The following explanation of the food and feeding habit of the 
roach will be based on these methods of feeding, also on the new 
finding of the presence of Oligochaeta in the food of roach. 	It is 
strongly believed that most of the previous studies on the feeding of 
bottom feeding fish in general, and roach in particular, have missed in 
one way Or another the importance of the Oligochaeta as a permanent 
bottom living organism. Such good food, with high calorific value 
must attract the fish. But the fact that the fish has to penetrate 
its mouth into the mud, to get few of them or sometimes none, due to 
their fast reaction in drawing themselves deeper into the mud, is the 
problem which faces the fish. At the sane time, workers on the food 
of these fish face the problem of the quick digestion of these 
organisms in the tract of the fish, this makes their identification 
difficult unless the food is examined under high magnification. For 
this reason they underestimate the importance of the Oligochaeta as one 
of the main foods of roach, in most of their work. 
It has been found by Suietov (1939) that the rate of obtaining 
food by benthos-'consuming fish depends pimari1y on two factors: 
(i) on the capacity of fish to penetrate into the mud and 
(n) on the vertical distribution of the fauna. He indicated that 
the benthic animals, which constitute this food, are not equally 
distributed throughout the mud. They occur in masses either in the. 
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surface layers of the soil, or the deeper ones, and hunting for the 
organisms differs from one soil to another. Suietov has shown that 
roach (Rutilus rutii) can penetrate slightly more than 4 cm into 
the mud layer. 
Searching for Chironomid and the consumption of this decreases 
with the depth of the bottom layer. 
Suietov' s figures show that roach consumes more of these organisms 
in the first two centimetres of the mud layer than deeper. 
According to the previous discussion, the food and feeding habit 
of the roach in Humble Reservoir can be explained as follows: smaller 
fish (o+ , l 	) show a greater interest in the small Cladocera, 
Rotifera and small Chironomids. The fish at this age depend on 
these organisms which are available either in the form of free living 
Zooplankton or from the surface of the emergent plants. In the latter 
case, the fish extract a considerable amount of diatoms as they scrape 
these organisms from the plants. When the fish.reach the age of & 
and f 	, they will concentrate exclusively on animal food, particularly 
in spring and summer, when the number of Crustacea increases enormously. 
Tract contents of this group usually consist of very little plant 
material in comparison with the larger number and big quantity of 
animal food. Plant material appears in the tract when the fish 
feeds from the emergent plants, where epiphytic plants will be ingested 
with the animals. This way of feeding occurs mainly in summer. Some 
of these fish feed from the bottom, particularly in late autumn and 
winter, when the zooplanktonic crustacea decrease and water plants are 
scarce. When the fish feeds from the bottom their tract contents are 
characterised by a muddy appearance and consist of bottom living organisms, 
such as Oligochaeta and Chironomid larvae, combined with bottom deposits. 
The fish in this group show better growth than later, 
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Older age groups, feed from the bottom most of the time and 
from the surface of the emergent plants in spring and summer, when 
the water plants cover most of the bottom. Rarely have they been 
found to feed on free zooplanktonic organisms, but sometimes, they 
feed on water insects (e.g. orixidae) and other free living organisms. 
In Berrie's (1972) opinion, roach -do not derive much energy from 
animal food and ingest large quantities of detritus and algae. 
Studying the calorific value of each item that occur in the tract 
of roach (Table 16), shows that the fish can get more calories, and 
fax more easily, from animals than plant material. Young ones obtain 
more calories from eating Crustacea (Cladocera and Cyclops) and 
Chironomid .. larvae than eating algae. Older age groups get more 
calories by eating Chironornid larvae and Oligochaeta than detritus. 
Since the roach is unable to get these organisms free from accessory 
material, particularly when this fish feeds from the bottom, the 
contents will be a mixture of bottom living animals combined with 
bottom deposits which will occupy some room in the tract and reduce 
the total volume of the animal food which the fish can get into its 
tract. 	Therefore, the fish gets fewer calories than if all the food 
in the tract is of an animal nature. Similarly with the younger age 
groups when large quantities of diatoms occupy a large volume of the 
tract. 
Under experimental conditions, roach larvae have been found to 
utilize plant material (Spicer, 1939; Sorokin, 1968). 	But, it is 
difficult to draw any conclusion from laboratory examination about 
the digestion of fish as it occurs in natural conditions (Molnar, et 
al. 1967). Examination of the change in the shape of the diatoms 
in different sections of the tract showed that no significant change 
Table 16. Calorific value of main tract contents of roach. 
* 
(from Cummins & \Vuycheck, 1971). 
* 













could be observed. The value of the plant material in the diet of 
roach may diminish if one considers the fact that this material is 
available in large quantities in the reservoir but the growth is not 
so good.. Roach, feeding on suitable and sufficient animal food, 
grow better (Williams, 1963) and when introduced to a better food 
supply may improve their growth rate (Aldoori, in the press). They 
also have a higher fecundity than those eating mainly plant material 
(Titova 1965)1. 	Villiams (19 6 3) has concluded that animal food is 
an important constituent of the diet since the fish are mainly 
carnivorous during the period of maximum growth. 
In addition, the roach has been found, in two cases, to have 
fish remains (stickleback) in their tract and similar was recorded 
by Berry (1935); Stadel (1936); Williams (1963); Grimâs & Nilsson 
(1965) and others. 	Also, the relative length of the tract, in roach 
is smaller than is usual for omnivorous species (Al-iiussaini,1949). 
All this provides more evidence for the view that roach prefer 
animal food, and the plant material which appears in the tract is 
accidental, because ofthe fish's feeding habit or when the required 
quantities of animal food are not available (Mann 1967). 
5. Discussion 
The results showed that seasonal changes in the feeding activity 
of the roach occur. 	Hartley (1940, 1947 a) gave this subject more 
attention and came to the conclusion that some kind of fasting occurs 
in cold seasons. He also found that not only do fewer roach contain food in 
1 - Mackay & Mann 1969 
the winter months but also the quantity of the food in those fish 
which did feed was less. In his opinion, each fish fasted for 
a period during the colder half of the year, Cragg-Hine (1964) 
believes that the roach feeds actively all year round, but more 
food is eaten during- the spring and summer months. - 
Few previous workers have given attention to the daily feeding 
activity of the roach. Fennell (1870) said "if the roach is 
watched from places where in turn they cannot see their observer, 
they appear to be almost always on the feed". This differs from 
what has been recorded by Bokova (1940 , after Nikolsb 1963). He 
found that in the Caspian roach, feeding takes place approximately 
every 4 hours. Hruöka's (1956) results showed that more full guts 
were found in the evening than in the early morning, and he concluded 
that the light is of great influence on food intake by roach. It is 
also found that all roach tend to commence and cease feeding at more 
or less the same time on any particular day (Oragg-Hine 1964). 
Direct measurements of the total volume and total weight of the food 
is lacking in the related literature. Results obtained by Iiruka 
(1956) and Skora (1964 b) on the state of fullness are the only 
figures available at this time. . Hruka's results were derived from 
dividing the weight of the contents by the weight of the fish but 
without gut, the mean figure for the index of fullness for the years 
1952, 1953, and 1954 was calculated and is found to be 0,020 ( 2 . 0%). 
Skora (1964 b) found that it is 3.4% on the average which is higher 
than Humbie Reservoir of 1.1%. This suggests that food intake by 
roach, in Humbie Reservoir is very low. 
The results obtained showed that there are very clear seasonal 
changes in the index, it is 0.785o in winter, 1.42% in spring, 1.13% 
in summer and 1.09% in autumn. These figures are much inferior to the 
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1.13 - 408 which are given by Skora (1964 b). Hruka (1956) 
analysed his results according to the age and he found an intensified 
food intake by females than by males, while Stangenberg (1958) did not 
find any actual difference in food consumption between the two sexes. 
There is good evidence that females, in general, are largerthan males 
and larger fish eat more food than smaller ones. It is likely that 
Hruka's results have been affected by these differences. The present 
study has shown that males and females of the same sizes did not show 
any clear difference. It has been noticed that as the fish grow 
bigger the index of fullness decreases, the smaller fish have a 
relatively higher food intake than bigger ones, it is about 1.68% in 
fish from 3,0-13.0 cm long and only 0.89% in fish over 19 cm long. 
This is opposite to what has been obtained by Bruka who found that 
an increase in the index according to the age existed. However, the 
difference in the two results is either because of the methods of 
obtaining the results, since he used gutted weight, or it is due to 
the small number of fish he examined. Most of the authors agree that 
larger quantities of material are found in the tracts during spring 
and summer months than in winter (e.g. Cragg -Hine,19 64). The results 
obtained support this but there is a difference in the nature of the 
contents in certain age groups. During late spring and summer the 
tracts were found to be over filled and expanded, the majority of 
younger age groups filled their tracts with Crustaceans while older 
age groups were found to have a small number of small Chironomid 
larvae (new generation) and larger quantities of plant Material which 
cause a big increase in the weight of the contents as well as the 
volume. This material which is calorifically poor may be responsible 
for the increase in the index of fullness (Hruka, 1956). 	It is 
obvious that the importance lies not in how big is the volume of the 
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contents, but how nutritionally valuable is the food in the tract. 
Since the figures obtained on the total volume and total weight 
of the food may be the only directly measured results of this kind 
available, it is difficult to make any conipaison or evaluating 
statements on them. Most of the previous results are either derived 
from eye measurements or a points systems and both are not highly 
accurate. 
The major difficulty in examining the tracts contents of the 
roach is that it is chewed (Hynes, 1950), ground to fragments and 
mixed with quantities of mucus and mud (Hartley, 1948). In many 
cases the contents were completely surrounded by mucus which prevented 
the contents from direct phyical contact with the gastric tissues 
(western; 1971). 
Most of the previous studies were based on direct observations 
and recording what is present in the tract without any consideration 
to the factors affecting the food and feeding habit. Jeltinkova 
(1959) found that food composition of the caspian roach is connected 
with (i) composition of the benthos (ii) water temperature (iii) The 
biology of the roach itself. 	In Huinbie reservoir, a great similarity 
between the tract contents and bottom fauna was observed and could be 
seen clearly from the results of food of the roach and bottom fauna 
analysis. Jeltinkova found that intensive feeding occurred when 
water temperature was 10-12 °C and in 1.3°C the feeding practically 
stopped. It seems also that water temperature affects the feeding 
of the roach indirectly through its effect on the activity of food 
organisms. Warm seasons are combined with production and active 
movement of these organisms. Concerning the biology of the roach 
and its relation with food composition, this is probably connected 
with the size and age variation. Jeltinkova thinks that the 
changing food composition is due to the increasing strength of the 
pharyngeal teeth during the gradual growing of the fish, also the 
lessening of its activity and di gging ability. 
The composition of the contents is found to be simple. In 
general, it consists mainly of Chironomid larvae and pupae, Oligo-
chaeta, Crustacea and Rotifera. Most of the time these contents 
were combined with higher plant material, diatoms, filamentous algae 
and mud. For younger age groups zooplankton forms the major part 
of the contents which increases enormously in spring and summer 
(Fig.22 A). They were also found to eat Chironomids as well as 
Oligochaetes. The diatoms are the major part of the plant material, 
which usually occur in remarkable quantities. 
As the fish grow older they start mixing between zooplanktonic 
Crustacea and bottom living animals, later on they depend to a greater 
extent on the bottom fauna. 
The annual fluctuation in the number of Chironomid larvae in the 
tract contents is observed. They increase in spring and the 
beginning of summer, then decrease in August and September,. They 
increase again in October and decrease afterwards. From studying 
the annual change of the number of Chironomid larvae in the bottom, 
evidence is obtained that this change has a bi influence on the 
feeding and consumption of Chironomid larvae by the majority of the 
roach, which depend greatly on these organisms. Figure 25 shows 
clearly the similarity between the seasonal change of the number of 
Chironomid in the bottom and in the tract of the roach. These results 
axe S probably the only numerical results available for roach and for 


































The oligochaetes were found in the tracts of a higher percentage 
of roach than ever recorded previously. Their importance in the 
diet of the fish has been underestimated due to their very rapid 
digestion (Nikolsky, 1963; Kennedy, 1969). Their presence has been 
recorded in the diet of roach with less attention and in 116w percentage 
by Stadel ( 193 6 ) Jeltinkova ( 1939), Pliszka (1953), Cragg-Hine (1964), 
Skora (1964 a, b), Filuk & Zmudzinski (1965) and Wilson (1971). 
Besides the evidence obtained from this study, which was based on the 
presence of their remains in the tracts of roach, observations in the 
laboratory have shown that the roach show a great desire for these 
animals. Indirect studies on the possibility of the presence of 
tubificid oiigochaetes in the diet of the coarse fish has shown that 
many cyprinid species are infected with parasites which are known to 
have the Oligochaetes as their intermediate host (Kennedy 1969, 1971), 
The seasonal change in the diet showed that a larger number of 
fish consume Oligochaeta during spring and summer, which is most likely 
to be caused by the greater availability to the fish, particularly 
the smaller fish starting their second year of life. Since these 
animals come to the surface layers of the bottom during the spring 
and summer to start their annual migration, they became more 
available to the fish than at any other times. Smaller fish could 
get them from the surface of the densely growing water plants. 
Daring cold seasons these organisms migrate to deeper layers of the 
substrate and will not be available to many fish, in particular 
smaller ones, this causing the drop in their percentage of occurrence 
in the diet. 
Quantities of plant material are observed to be associated with 
the animals remains. The type of plant material in the tract is found 
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to depend on the type of animals eaten or the place where the fish 
were feeding. 	Chironomids and Oligochaetes, in general, were 
found to be combined with higher plant material except in late 
spring and summer, when small Chironomids were found to be combined 
with diatoms and fresh plant tissues. In younger age groups mostly 
diatoms were found in their tracts with the small Crustacea (Cladocora) 
and Itotifera. 	The importance of plant material in the diet of the 
roach has been believed by many workers e.g. Radforth (1940), Hynes 
(1950), Healy (1956), Cragg-Hine (1963, 1964) Hellawell (1969) and 
Frank (1970), as well as many others. 	In all cases the conclusion 
was based on their presence in the contents only. Many authors 
have observed the occurrence of mud, stones and sand in the tract 
contents. Spicer (1939) is of the opinion that whether or not 
taking silt by the roach is merely incidental to its normal feeding, 
it is significant that roach can and does use it as food, lie gave 
figures such as 36% in smaller fish and 59% in the larger. However, 
it seems that it is more acceptable that the fish gets the mud either 
through the guts of the Oligochaetes (Western, 1971) or combined with 




I - Feeding relationships of roach and stickleback 
II - The relation between feeding of roach, aquatic 
plEthts and bottom fauna 
I - Feeding relationships of roach and stickleback. 
The monthly catches of roach were always combined with a very 
large number of three spined stickleback (Gastercateus aculeatus 
L.), which gives the impression that a high population of this 
species existed in the reservoir. It was felt necessary to examine 
the possibility of the similarity in the food of these two species 
and whether the competition for food existed. Hartley (1940) in 
writing of the feeding habits of the animals living in one community, 
stated that it is difficult to avoid the use of the word "competition" 
He also said (1947 b) that in many waters, in addition to competition 
between the members of one species, there may be competition between 
one species and another. He believed that the competition between 
species, is far more difficult to demonstrate than competition within 
a species. 	On the continent, Piluic & Zmudzinski (1965) studied the 
feeding habits of fish in the Vistula Firth (Poland) and in view of 
the similazity of the food composition of species, they stated that 
competition existed among these fish examined, including the roach. 
Fifty sticklebacks, averaging 4.8 cm long were randomly collected 
through the period from the beginning of August 1970 to January 1971. 
The contents of their stomachs were examined under high magnification 
and the items were identified to their major groups. The percentage 
of occurrence of each item in the total number of fish was used, also 
the state of fullness was also recorded (Appendix 12). The results 
show that only 4% of the stomachs were empty and there were a high 
percentage of full stomachs (76010. The composition of the contents 
was mainly animal food with very little plant material. The animals 
were mostly complete in shape and easy to identify; it is likely that 
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they do not chew their food (Hynes, 1950). 	It seems that these 
fish are able to obtain their food easily and in sufficient 
quantities since most of them had their stomachs completely full 
of food. The main food items were found to be Chironomid larvae, 
Oligochaeta and Crustacea. Mud and plant material such as 
diatoms and filamentous algae were found as well as pieces of 
higher plant material, but were in negligible proportions. The 
percentage of occurrence of each item is shown in Table 17. 	It is 
clear that more fish consume Cxustacea (over 897,), these were mainly 
cyclops, Ostracoda and Cladocera, some stomachs being full of them. 
Next to the Crustacea, the Oligochaeta were found to occur in 64% 
of the fish. Chironomid larvae occurred in over 5A of fish. 
They were mainly found combined with other food items and only in 
very few cases were found alone. 
The results obtained in this study show a great similarity in 
the principle food contents of stickleback to what has been found by 
previous workers. Hartley (1940) found that insects formed 60% of 
the food of stickleback and Crustacea only 2. His results showed 
that more Crustacea were consumed earlier in the year (January to Lay). 
He also found a few small molluscs and diatoms in their diet. In 
1948, he classified the stickleback as an Insect and Crustacean 
eater, the Crustacea as he found were important food for them. Hynes 
(1950) studied the food of stickleback in more detail and found that 
aquatic Oligochaetes formed an important part of the food of larger 
fish, He also found that Cladocera and Copepods were more abundant 
in summer than in winter. The Chironomid larvae were the only food 
items which did not show any important seasonal variation. He 
recorded other animals such as molluscs and insects other than 
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Table 18; The difference in the percentage of fullness states 
in the roach and stickleback 
Fullness state roach % stickleback % 
Full 30.9 76.0 
full 	 20.2 	 2,0 
full 	 21.0 	 12.0 
full 	 12.2 	 6.0 
Empty 	 15.3 	 4,0 
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Chironornidae. 	Plant material including algae formed a small 
proportion of the food. Mineral matter, consisting of sand and 
small stones, was not frequent. Filuic & Zmudzinski (1965) have 
found that they eat more insects (54% of mass) than Crustacea 
(38%). Mann & Orr (1969) examined the food of sticklebacks and 
their results showed that they were feeding mainly on aquatic 
diptera larvae. Large numbers of Cladocera and Ostracoda were 
occasionally found in individual stomachs. 
It is necessary, before any further discussion on the feeding 
relationship between the roach and stickleback, to study the 
behaviour of the stickleback. The fish was described by Regan 
(1911) as 'bold and greedy, often attacking larger fishes, it feeds 
on shrimps, insects, worms, etc. and is especially destructive to the 
spawn and young fry of other fish". He also quoted that "some roach 
were introduced into an aquarium containing some three-spined stickle-
backs, the prior inhabitants were dissatisfied and forthwith attacked 
the new-corners, continuing until all the roach had been killed, 
whereupon they were eaten by their conquerors". They have been 
frequently observed in shoals along the banks of Humble Reservoir, 
between the aquatic plants searching for food and no roach were seen 
with them. Their shoaling behaviour was studied by Jceenleyside 
(1955), his study showed that if one member of a school of hungry 
fish begins to feed, others will swim quickly towards it. This 
results in a rapid increase in the density of the school. When over 
crowding occurs, as when the fish form large shoals in autumn, food 
appears to become temporarily scarce (Hynes 1950). In the Birket 
stream, where roach and sticklebacks were found together, Hynes 
(1950) has compared the food of stickleback with that of the roach 
which was mostly vegetable matter and Mollusca, with the small ones 
feeding on small Crustacea. He concluded from this comparison that 
there is little overlap in their food and assumed that the two 
species do not normally compete for food. 
In the present study (Table 18) more full stomachs were found 
in stickleback than in roach, which may indicate that stickleback 
are able to obtain their food for most of the time much more easily 
than the roach. This could be because they can come to the shallowest 
areas where greater quantities of invertebrates occur. A very similar 
food composition in the two species in Humbie Reservoir was found. 
The most interesting fact is that the demand on each of the major 
types of food was extremely similar (Fig.26). Since they have been 
found to consume exactly the same type of food, there must be some 
kind of competition existing. If one considers the aggressiveness 
and greediness of the stickleback, this type of relation between the 
two species is more likely to be true. Other factors which may be 
of great effect on this similarity in their food, is that the type 
of food which they both feed on is the only food available in the 
reservoir, which is rich in quantity and poor in quality. Since the 
seasonal fluctuation in the distribution of the bottom fauna, 
particularly Chironomid larvae affects the feeding of the roach, it 
may, although to a less extent, affect the feeding of the stickleback. 
Zaret & Rand (1971) have assumed that the seasonal change in food 
abundance produces changes in intensity of competition among the 
fishes. The relation between food abundance and competition is not 
completely clear and needs more investigation in the future. 
Due to the similarity in food eaten, the roach faces the problem 
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roach consume approximately the same types of animals. For 
example, Chironomia larvae were fed on by all age groups. From 
age groups 1+ onwards they were found to feed on Oligochaeta, 
The Orustacea were found to be eaten by all sizes of roach except 
that the younger age groups showed a greater demand on them, 
particularly during spring and summer. 
The conclusion from this discussion is that the roach population 
is severely affected by competition from their own species (i.e. 
intra-specific competition) and also by competition between them-
selves and sticklebacks. Nikoisky (1963) stated that the most 
acute feeding competition occurs between the species of fishes 
belonging to different faunistic complexes but the same food niche. 
Since the food resource is limited in quality, the roach possibly 
has no other choice than face the problem of competing with the 
stickleback on the available types of food, which leads them to less 
valuable food which in turn results in poor growth. 
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II - The relation between feeding of the roach, aquatic plants 
and bottom fauna 
The role of the aquatic weeds in the aquatic life has been stated 
by Witcomb (1965) as (i) chemical, by producing oxygen also by removing 
salts from the bottom mud and bringing them back into circulation, (ii) 
nutritional in providing food in the form of plant tissue to plant 
consumers and (iii) plants also, cause certain physical changes in the 
topography of the water body. 
In relation to the fish, the aquatic weeds can affect the fish 
directly through the reduction in oxygen concentration at night and 
may cause fish mortality. Also, indirectly by providing a dense cover, 
so the fish cannot get at the animals swarming within it (Hartley,1947 b). 
In spite of these disadvantages, they remain the principal source of food 
for fish, and provide breeding grounds for many coarse fish and aquatic 
animals (Witcomb, 1965). Berrie (1972) has stated that the aquatic 
macrophytes make only a small contribution to the total primary production 
in the river but they appear to have an important role as a habitat for 
the fauna. Cladocera and Chironomid larvae reach high population 
densities in the beds of these plants. The leaves provide a surface 
for the growth of epiphyton and the deposition of particular organic 
matter, and consequently provide good grazing conditions. 
Since one of the major aims of this work, was to discuss the 
food and feeding habits of the roach within the frame of the general 
ecology of the reservoir, it is necessary to consider the seasonal 
fluctuation and distribution of the animals in the bottom and on the 
aquatic plants. Harrod (1964) found that a considerable variation in 
the composition of the animal population on the plants. She also found 
that animals showed preferences for a particular plant, and that during 
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summer months the numbers of most of these animals increases. 
The causes of this increase are not very clear, it is, in Harrod's 
opinion, due to reproduction, and Witcomb (1963) believes this to 
be the case with Simuliuni. But it seems that the reproduction is 
not the only reason for this phenomenon. 
In the shallow zones, the emergent plants increase rapidly 
during spring and summer. A large area of them appears over the 
surface of the water, providing a bridge between the air and the 
water, through which, some water insects crawl up and down to 
deposit their eggs (Witcomb, 1965). 	Combined with this increase, 
there is a well known horizontal migration by bottom living organisms, 
particularly Chironomid larvae and Oligochaeta (Borutzky, 1939 b and 
Grimâs, 1965 b), and also a movement from the deeper parts of the 
watei7 body to the shallower zones during summer, and in the reverse 
direction in autumn and winter. The reasons for this migration 
are not fully understood. A change within the environment, such as 
the temperature (Grimàs, 1965 b), food or oxygen might be some of the 
reasons for this phenomenon. Observations on the distribution of the 
roach during spring and summer, showed that they gathered most of 
that time in the shallow end of the reservoir. More information on 
this subject is required. 
While working on the bottom fauna of Huinbie Reservoir, a decrease 
in the number of bottom animals has been noticed during spring and 
summer. The decrease in the number of Chironomid larvae is partially 
due to their emergence, while the reduction in the number of Oligochaetes 
was difficult to explain. The fish may consume significant quantities 
of the Oligochaetes, but it is very difficult to assess. Figures such 
as 1% of the total. biomass devoured by aquatic animals (Borutz1r, 1939 
b) is the only figure available. The reduction may be related, 
partially, to the heavy mortality of adult Oligochaetes in the spring 
and winter, also they may penetrate deeper into the bottom mud for 
reproduction (Borutz1r, 1939 b) 
It may be interesting to mention again that larger numbers of 
Chironomid larvae and larger Oligochactes were noticed on the aquatic 
weeds of Humble Reservoir during summertime, Witcomb (1963) and 
Harrod 1964) have recorded similar observations, and Berrie (1972) 
has noticed a serious decrease in numbers of larvae on the river bed 
but high densities in the beds of macrophytes. Animals such as 
Chironomid larvae, which feed on plant material (Witcomb, 1965), in 
migrating to the shallow parts, will find large quantities of plants 
available which will serve as food resource for them as well as their 
new generation. It is possible also, that during summer when the 
oxygen concentration in the water decreases, most of these organisms 
migrate to shallow parts and crawl up the aquatic plants to obtain 
more oxygen. The movements of Oligochaetes are particularly affected 
by the change in the oxygen concentration (Brinkhurst, 1964). This 
kind of vertical movement, by the Oligochactes, from the soil up to 
the vegetation and vice versa has been recorded by Springett et al. 
(1970). They found these worms in plant shoots 30 cm above the 
soil, they assumed that this is connected with feeding purposes. 
The conclusion which may be drawn from this discussion, is that 
bottom living animals, such as Oligochaetes and Chironomids, for 
certain reasons, migrate annually to the shallow end during spring 
and summer. Some of these organisms may leave the bottom and crawl 
up the aquatic weeds, causing a remarkable change in their number and 
distribution in the bottom. By the end of summer, when most of the 
aquatic weeds die, those organisms, with the new generation, start 
their reverse migration during autumn and winter to the deeper water. 
In connection with the fish, which depends to a great extent on the 
bottom fauna, this migration will govern their movement, to be - 
directed towards the area with the highest concentration of food 
organisms. 
Not only the seasonal distribution of the Chironomid larvae and 
Oligochaet affects the feeding of the roach, but the change in the 
weight of these organisms is probably more effective. It has been 
found from studying the bottom fauna, that the annual change occurs 
in the weight of Chironomid larvae and Oligochaeta (Table 4). The 
major drop is found to be in summer, this is due to the presence of 
new born CfrLronomid larvae and Oligochaeta. Besides the drop in 
their weight, there is also a decline in their number which will make 
the nutritional value of these animals very small during this season, 
which is found to be the season of their rapid growth. 
In summer the majority of the roach population moves to the 
shallow end of the reservoir. Here they face two major problems, 
the competition between most of the age groups for the same kind 
of food as well as their competition with the stickleback and 
the availability of these organisms to the fish. The extent 
to which the competition affects the fish, has been discussed in 
previous sections. It has been found that the degree of utilization 
of the bottom animals is higher during the period of their maximum 
availability but not during their maximum density (Grimâs 1965 a). 
If the weeds are too dense the fish will be unable to get these, 
although, they are present in large numbers, particularly in summer 
when the insects would only be available as food in the adult stage 
(Berrie, 1972). 	The Oligochaetes, and possibly the Chironomid larvae, 
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may bind themselves to these plants, thus causing some difficulty 
to the roach to get them, unless the fish extracts some plant 
material with them. This could be the reason for the occurrence 
of large quantities of fresh plant material in the tracts at that 
time of the year. 
With the return of the migrants to the deeper parts of the 
reservoir, the fish follow this migration and will start feeding 
on the bottom. The presence of bottom mud deposits in the tracts 
of the majority of the roach, during late autumn and winter could be 
evidence to support this theory. 
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PART FIVE 
Application of the results to management problems 
Application of the results to management problems 
1. Introduction 
When the fish spend their whole lives in one environment, their 
growth rates generally decline progressively as they grow older, but 
a change in environment, including food supply, may be associated with 
a spectacular change in growth rate (Brown,1957). Concerning the 
roach, it is found that they have a great plasticity in their growth. 
They can adapt themseif easily to changes in the environment with 
change in some of their morphological and biological characteristics 
such as some body measurements and spawning. 
As far as the literature goes, this subject is first mentioned 
by Fennell (1870), when he said "The growth of fish under certain 
circumstances, is much promoted by their transfer from one piece of 
water to another". He mentions also the case of a number of small 
roach transferred from one pond to another, after they have been 
kept for some time in a tank, those roach reached very large sizes. 
He ascribes this as being due to "the change from the short commons 
on which they had been kept in the tank to the more liberal fare 
furnished by their new quarters, added to the fact that the pond, 
from being of comparatively recent construction, afforded an extra 
supply of food, had doubtless been the simple causes to which this 
increase in their growth was attributable". Aim (1946) has shown 
that the growth of stunted perch could be improved by intensive 
fishing or by introducing predatory fish. Hartley (1947 b) suggested 
two methods to improve the growth rate of coarse fish: (1) by 
reducing the density of population (2) by increasing the capacity of 
the water to produce food. Results have been obtained by Frank (1962, 
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1970) in pool "Mala" and "Velka Arazimova", where the growth of 
roach has been rapidly increased after reducing the number of the 
population, also after flooding a newly constructed reservoir. 
Fertilizing lakes and constructing reservoirs, creates a situation 
which considerably improves the conditions regulating the growth of 
the roach and increases their growth rate (Kempe, 1962). The fish 
finds a very favourable situation if it survives a winter-kill 
(zawisza, 1961; Karpinska-Walus, 1961) or after poisoning with 
rotenone (Kempe, 1962; Frank,1970 and Kennedy & Fitzmaurice, 1971). 
In all cases sited, annual increments of the fish become very great 
and they reached a very good size. 
Besides this increase in growth rate, Balyi (1964) confirms that 
due to the plasticity of the roach, changes in morphological 
characteristics such as, length of tail shank, length of base of 
dorsal fin, length of pectoral fin and the height of dorsal fin occurs. 
He also found that changes in. certain biological characteristics such 
as sexual maturation and spawning grounds, are observed when comparing 
original populations of roach with transferred ones. 
Alter examining the possibilities, of applying a method to 
improve the growth of roach of Humbie Reservoir, it has been found that 
the one suitable method is to transfer fish from Humbie reservoir to 
Duddingston Loch (Plate '7 & Fig.27). 	The Loch is situated in 
Midlothian (Nat. Grid. Ref. NT 28217247). It is a larger body of 
water with an area of about 7,8 hectares (19.4 acres), a pH value of 
8.08 and alkalinity of 160.7. The transfer was carried out in the 
spring of 1968, when over 3,000 roach were introduced. This eutrophic 
loch was free of fish after a total mortality of perch and pike due to 
anaerobic conditions, resulting from a bloom of Aphanizomenon holsaticum 
in 1967. About 300 of these roach died in August 1969 as a result of 
the decay of a similar bidom (Mitchell 1971). 
Plate 7 - Dudaingston Loch (from Arthur Scat looking south-east) 
Fig. 27 - Outline of Duddingston Loch ara its situation 
1~— Iww
T 









2. Materials and 1ethod.s 
The majority of the 5,000 roach liberated in Duddingeton 
Loch in 1968 were over 12.0 cm in length. They were transported 
from Humbie Reservoir in tanks supplied with air. In the summer of 
1969 scales from some fish were collected. In August 1970 a sample 
of 93 roach was collected from the Loch by means of gill nets. 
All roach examined were measured, weighed and sexed and a sample of 
scales was taken from each fish. Their tracts were removed and 
preserved in 4% formalin. The standard portion of the gut was 
examined. Examination was carried out microscopically under high 
magnification in a 1 cc plankton cell. The contents were identified 
to the major groups. Total volume and total weight of the contents 
were measured with a graduated centrifuge tube using the method 
described earlier in the text. The age and rate of growth of the 
fish was determined by scale examination. 
3, Results 
It was noticed, from an examination of the scales of the 93 roach 
from Duddingston Loch, that they started to grow more quickly in 
their new environment after their slow growth in Humble Reservoir 
(Fig,28). The length of the fish increased in about two years in 
the new environment by approximately 401, from the total length in 
the two environments. The fish showed better growth in the first year, 
with an increase of 47% of the total increase, while it was only 29% 
in the second year. This increase in the growth is closely related 
with the age of the fish, the younger fish showing better growth in 
the new environment and the increment decreasing gradually as the 
fish increases in age (Table 19). 	Comparing roach of similar 
Table 19. The annual increment in length of roach, when transferred 
to Duddingston, as related-to the age.of fish. 
No. of Annual 1968 1970 
Rings in Average Average 
Humble Reservoir Length Length 70;68% 
in Hunbie in Duddingston 
4 8.5 20.7 143 
5 12.8 23.9 86 
:6 13.5 23.8 76 
7 14.2 24.3 71 
8 14.4 24.1 67 
9 14.7 24.2 64 
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ages from the two localities, showed clearly the big difference in 
weight and length between them (Table 20). The weight of the fish, 
particularly, is enormously increased and becomes much superior to 
that of the former habitat. 
+ 	+ 	+ 	 + 
In age groups 6 , 7 , 8 and 9 the increase in weight was 




 age groups. The increase was 
between 3 to 5 times for the former ones, while it is about 2 times 
for the latter groups. 	Balyi (1964) showed that the roach in its 
new habitat, during the first year of their life were 7 to 10 times 
superior in weight to those in the former habitat. Females were 
found to be larger and heavier than males. Average length and 
weight of the males was 23.4 cm and 218.1 g while that of the females 
was 25.8 cm and 316.3 g. 
The food of 45 fish was examined and 87% of these contained food. 
The contents, and their percentage occurrence are shown in Table 21. 
The low occurrence of 12ant material in the contents and the dominance 
of a wide selection of animal food is very marked. In many cases, 
the tract was found to be full of animal food only, while plant 
material was most of the time combined with remains of Oligochaeta. 
It was also found that there was a marked change in the total volume 
and total weight of the food (Table 22). There was also an increase 
in the number of organisms. In one instance there were about 150 
molluscs (Yalvata) while 841 Daphnia were found in another. In both 
cases there was an additional amount of other types of animal food, 
such as insects (mainly Corixidae and Chironomid,.: larvae) and 
Oligochaeta. 
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Table 20. Length and weight of roach -from Duddingston Loch (D) 
as compared with fish of similar age groups from 
Humble Reservoir (H). 
Age groups 
6 

































Table 21. Standaxd portion contents of the roach from Dudclingston 
Loch (August 1970). 
Items 	 Percentage 
of occurrence 
Insects, - Chironomid. .43% 
larvae 
- Corixidae 	 6491. 
Oligochacta 	. 56% 
Mollusca 51% 
Crustacea 5 
Plant material 45% 
89. 
Table 22. Volume and weight of the contents (Humble Reservoir 
and Duddingston Loch, August 1970 )..  
State of Fullness (standard portion) 
Length 	cm. 	* pul Full 	Full 	Full 
volume weight volume weight volume weight volume weight 
(ml) 	(g) 	(ml) 	(g) 	(ml) 	(g) 	(ml) 	(g) 
• 	
6.3 - - - - - 0,9 0.124 1.0 0.125 
8,3 0,8 0 .079 1.0 0.122 - - 1,8 0,186 
11.0 - - 1,9 0.175 2.4 0.199 3.3 0.266 
13.3 1.5 0.128 2.5 0.213 3.8 0.344 5.4 0.53 2 
Humble 14.5 - - 4,6 0.439 4.5 0.456 7.8 0.779 
Reservoir 
15.4 1.1 0.111 4.4 0.421 4.5 0.440 8.9 0.894 
16.6 1.2 0.123 6.5 0.682 9.1 0.985 11,0 1.159 
17.5 - - 6.5 0.640 9.0 0.887 17.8 1.783 
18,5 2.5 0.223 7,0 0.673 12.0 1.244 21,3 2.167 
20.5 2.5 0.253 12.0 1.172 14.7  1.430 20.5 2.162 





Like any other fish, roach grow more slowly as they grow older. 
But growth in fish is very plastic, it will improve if the fish is 
transferred to better conditions (varley, 1967). It has been proved 
by Frank (1970) that this slow growth has no genetical cause and is 
only due to temporarily unsuitable conditions. Overcrowding and a 
poor food supply for each individual are reasons for the appearance 
of a stunted population (Alm 1946). The growth can change at any 
time during the life of roach (Varley. 1967 and Frank,1970). 
It has been mentioned before that the growth of roach in Humbie 
Reservoir is very slow. It is likely that this slow growth is 
influenced by the high population of roach and stickleback, and the 
competition between them for the same food. Also the competition 
between different age groups of the roach for the same kind of food, 
with the lack of a wide selection of types of food. The growth of 
the transferred fish has been found to increase markedly, particularly 
in the first year (Fig.28) and could be easily recognized from their 
scales by natural mark of widly spaced growth rings (Plates 8 A & B). 
Similar results have been found by Karpinska-Walus (1961), in five 
lakes after a winter-kill. He found that in the first year annual 
increments in the length of roach were a few hundred percent of the 
average annual increment of the previous year, but during the following 
years, the annual increment decreased slowly, returning to the average 
increase before the winter-kill. 
It seems that the new environment, initially, offered the fish 
enough to grow as much as they could, so they grew enormously in 
their first year, while their decrease in growth later could be 
explained due to age factors more than anything else. This may be 






















Humbie Reservoir 	Duddingston Loch 
Numbers of checks 
Plate 8 - Scale of roach showing increased growth rate after being 
transferred, from Humbie Reservoir to Duddingston Loch 
A - One year after transplanting 
B - Two years after transplanting 

and age. This very marked increase in the growth of roach in 
similar studies was combined with change in food quality and quantity 
(Kempe, 1962 and Frank,1970). The same thing has also been noticed 
in the food composition of the roach examined. - The change is 
characterized by over 50% of the fish feeding on molluscs (Table 21), 
which constitute the main part of the food of older roach (Stadel, 
1936; Hartley, 1940, 1947 a & b; Stangenberg,1958 and others). 
It is the opinion of many workers that roach feeding on molluscs 
in adequate quantities grow better (Marre, 1931 and Neuhaus, 1936)1. 
Stangenberg (1953) related the small length increment in the roach, 
to the lack of molluscs, Platonova (1964) has recorded the example 
of roach which did not show a decrease in their growth because they 
had been feeding on molluscs and were well provided with food. 
Williams (1963) indicated that the growth rate of the older roach 
showed improvement correlated with a change into a molluscan diet. 
A similar case was mentioned by Iikolsbj (1969). In many instances 
bigger roach were found to feed exclusively on molluscs, also lakes 
containing populations of very big roach always have large quantities 
of molluscs (Kempe, 1962). These molluscs are a new item in the 
diet of these roach as they are very rare in Humbie Reservoir, being 
recorded in very few fish and mainly in the samples of the later 
months of 1970. This lack of molluscs in the food of the roach 
of Huinbie Reservoir could be one of the reasons for the slow growth 
of old roach in the reservoir. The higher population density of 
roach and sticklebacks in a small water body such as Humbie could be 
another important factor affecting the growth through their food 
relationships, since the more fish in a water body, the smaller the 
food ration per fish (Kennedy & Fitzrnaurice 1971). 
92, 
1_-Kempe, 1962. 
On the bases of the results, it is possible to improve the 
growth rate of slow growing roach any time during their life. 
Reduction of the fish population may serve this purpose, but only 
the small number of fish which is left will reach favourable sizes. 
With transplanting, the whole population could be equally served 
and many fish will be improved. At the same time this plasticity 
of the roach, can be adapted largely to human use by widening the 
province of distribution of the fish (Belyi, 1964). Better results 
of the transplanting could be obtained if the transplanted fish were 
younger in age since the results obtained showed that younger roach 
grow better in their new environment. 
The sticklebacks in Humbie Reservoir have no value, either for 
angling or production. It is advisable to carry out extensive fishing 
for them to reduce their number to the minimum or remove them entirely. 
This will reduce the competition and increase the energy ration for 
each of the remaining roach. 
Studies of the problem of the absence of the molluscs in the 
reservoir and the introduction of new types of food organisms, in 
particular molluscs, also regulation of the growth of the water plants 




Discussion and final notes 
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I - General Discussion 
Most of the previous studies on roach were based on isolated 
fish and the results were treated and explained with little or no 
attention to the type of environment in which the fish live. Such 
incomplete studies may lead the investigator to inaccurate conclusions. 
The problem which may be faced when an attempt is made to make more 
detailed studies is the complicated relationships and the time 
factor required. Throughout the present work, there were many 
aspects and interrelationships which were felt to be interesting to 
study, but the problem is very wide and because of the limited time 
it was only possible to study particular subjects. 
The general characteristics of the growth of the roach in 
Humbie Reservoir, are similar to that in many other waters, 
relatively fast growth in the younger age groups and a decline in 
the annual increment later on. It is also found that younger age 
groups depend mainly on Crustacea in their food while older groups' 
depend mainly on bottom living organisms. Karpinska-Walus (1961) 
stated that the kind of animals serving as food for the roach, seems 
to have a definite influence on its growth rate, in this respect, 
Stangenberg (1965) related the size of growth of the first years to - 
plankton resources and growth of older fish upon the resources of the 
bottom fauna. 
The major groups of animals which were found to be fed on by 
roach in Humbie Reservoir, were Chironomid larvae, Oligochaeta and 
Crustacea. Their role in the life of the fish is found to be very 
complicated and the feeding of the fish in particular is affected by 
the seasonal change in their numbers, distribution and availability. 
One of the most important effects of these organisms is the seasonal 
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fluctuation in their calorific value. It was shown by Wissing 
& Hasler (1971) that energy contents of the planktonic Cladocerans 
decreases in June and July and increases during August and early 
September. They also found that interseasdnal changes in the 
energy content of Chironomid larvae differed from those of the 
Crustacea, their calorific contents increased to a maximum value 
by the end of July and then decreased rapidly giving lowest values 
in September. 
As it may be seen, most of these changes occur during spring 
and summer, a time when the fish require more food to secure their 
fast growth. These significant changes, particularly in the 
energy contents of these food items during the growing seasons 
could influence the calorific equivalent of the daily ration for 
growth and maintenance in populations of predatory fish (Wissing & 
Hasler 1971). Many workers agree that the major part of food of 
younger age groups is Crustaceans (Hartley, 1940,  1947 a & b; 
Stangenberg, 1953; Hruka, 1956; Holóik, 1967c; Cabejsek & 
Frank, 1968 and Berrie, 1972). The major consumption of these 
organisms by smaller roach occurs in late spring and most of the 
summer. It is likely that younger age groups find their food easily 
and in sufficient quantities, particularly at a time when their fast 
growth starts in June. These age groups were found to have a 
large number of Crustaceans in their tracts during spring and 
summer. Then the number of these organisms declined later in 
August and September and another increase appeared in October. It 
seems that this pattern of change is affected by the actual 
fluctuation of the plankton, in particular the zooplankton, throughout 
the year. It has been stated by Welch (1952) that the total volume 
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of plankton varies from one season to another in all waters and 
that the total annual production often takes the form of a bimodal 
curve. The greatest crops of plankton occur in spring and autumn 
and the production reaches its lowest in late summer and late winter. 
He also noted that the spring maximum commonly exceeds the autumn 
maximum. This is very much in agreement with the present findings 
(Fig.23). 
Faster annual growth in younger age groups is found to occur 
in a short period; being from the beginning of June to the end of 
August. This is associated with the consumption of large numbers 
of Orustacea by the members of these age groups, small numbers of 
these organisms were observed in older age groups throughout the 
same period (June to August). Hruñka (1956) recorded that more 
than 50% of food of the lower age classes is composed of zoo-
plankton and that Cladocera is the most important group of food 
organisms for roach of age class o to f and secondary food 
component for higher age classes. He also found that roach of 
age group fed on the Cladocera in bulk only in October. 
Stangenberg (1958) and Pihu & Pihu (1962) observed that summer is 
marked by a general rise in the consumption of the zooplankton 
It is the opinion that these organisms are the essential resource 
for the good growth of the first few years of the life of the roach. 
This is in agreement with what has been said before, that good 
growth in the first years of the life of the roach can be explained 
by a sufficient quantity of zooplankton (Stangenberg,1953 and 
Cabejsek & frank, 1968). This is also recorded by Myers (1946) who 
related the good growth of the trout to these animals. 
The Chironomid, continuously throughout the year, serves as food 
for the majority of the age groups. They may affect the roach by 
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being a preferable food item by many age groups, but the major 
problem attached to them, is that during spring and early summer 
the majority of them become pupae and leave the water, causing a 
considerable drop in the density of the bottom fauna. In their 
pupation stage they may serve as food for large numbers of fish, 
but their rapid disappearance from the reservoir will markedly 
affect the feeding of bigger roach since they depend to a larger 
extent on the lanai stages of these organisms in the bottom. 
There was a special interest, to investigate the Oligochaeta as 
part of the bottom fauna also the relation between these animals and 
the feeding of roach. The latter investigation was based only on 
recording their presence in the tract of the roach since this is the 
only way, at the present time, to assess their importance in the diet 
of roach. Nikolsky (1963) stressed their importance as food for 
fish. He recorded that they form more than 50% of the food of the 
common gudgeon in the Moscow region and 10010 of the tract contents 
of Cobitis taenia. In roach they have been recorded by Cragg-Hine 
(1964) only in March and December. He found that they form only 
0.036% of the total volume of the food. The accuracy of these 
figures could be evaluated if one considers the fact that these 
organisms are digested so fast that Chaetae in the tract contents are 
the only evidence of the extent to which these organisms are used as 
fish food (]3rinkhurst, 1964). The rapid digestion of these organisms 
in cyprinid fish has been investigated by Kennedy (1971). He found 
that the digestion of tubificids is very swift and thorough and that 
examination of stomachs contents later than 1 hour after ingestion 
may fail to reveal them. Western (1971) concluded that Oligpchaeta: 




digested than other food items with a relatively impermeable 
exoskeleton., lie thinks that the rapid autolysis of the worms 
themselves but not the active digestion by the fish is the reason 
for their rapid change to a fluid only 13 h after they have been 
ingested by bullhead. 
It was shown that in Humbie Reservoir most of the bottom living 
animals have seasonal changes, particularly during the season of the 
fast growth of the fish. Also at this time most of these species 
decline in number and calorific value. Since the amount of food 
eaten largely determines the growth rate of the fish (Nikols1r, 
1969), it is likely that the effect of these changes will be 
reflected as slow growth in older roach while younger roach will 
find sufficient number of Crustaceans for better growth. 
Ala (1946) explained the varying growth of individuals in one 
age group and the same population by assuming that this is, to some 
extent due to genetic factors. His idea is that certain individuals 
have an inherent, better capacity for growth, are in addition more 
capable of utilizing their food and more easily assert themselves 
as competitors. Therefore, these individuals have better growth 
and this state continues throughout their lives. In another meaning, 
the rapid growth may favour those individuals which are successful 
competitors and slow growth may characterize the less successful 
(Onodera, 1967). 
The interrelationship of organisms and the relation of organisms 
to the environment are extremely complex (Coker, 1954). Since the 
life of the roach being associated with the presence of the stickleback, 
they have been directed to adapt their life to face the difficulty of 
obtaining their food. This is difficult unless they compete with 
the other species, which is not in their favour, or to find a specific 
feeding ground which is possible in autumn and winter when most 
of the roach migrate to deeper waters while the stickleback may 
occupy shallower parts. The most acute problem seems to be in 
the spring and summer, when the majority of the two species migrate 
to the shallow end of the reservoir. Hero the roach faces the 
aggressive behaviour of the stickleback. 
Better food conditions showed an improvement in the growth 
rate of transfered roach. This in turn supports the idea that 
the poor feeding conditions are reasons for the slow growth rate 
of the roach in Humbie Reservoir. 
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II - Suggestions for future studies 
In the light of the experience and results obtained from the 
study presented in this thesis, it is felt that the following lines 
for future research may be profitable. 
- 	 1. In any fisheries research a preliminary general ecological study 
of the fish could assist in solving many problems which arise 
through the work. 
The gradual increase of most of the chemical elements in the 
water and its effect on the biology of the reservoir. 
Farther study on the bottom fauna is required, particularly reasons 
for the scarcity of the molluscs in the reservoir and the 
explanation of their remarkable effect in improving the growth 
of the fish. Investigations on the migration of the bottom 
living organisms and its relation with the aquatic plants and 
feeding of roach is most essential. 
There is a need to examine the accuracy of the change in the 
colour of the cornea in the male roach. 
The reasons for the presence of the false checks in the scales 
of the roach is undoubtedly one of the problems which deserves 
more attention in the future. 
The first check on the scales was found to be smaller in older 
fish and it is the opinion that a detailed study of this topic 
could prove fruitful. 
It could be interesting in future studies on the food of the roach 
to develop the centrifugation technique. More detailed studies 
on the relation between the Oligochaeta and the feeding of 
roach. The most interesting line in this respect is to obtain 
an idea of the quantities of Oligochaetes consumed by fish. 
100. 
Serological techniques might be used (.C.R. Kennedy - personal 
conmunication). 
8. It has been shovrn that it is possible to improve the growth of 
the roach, further experiments on this line could lead to 
desirable and valuable roach for commercial purposes. 
10]. 
III - Final note and later observation 
On the 25th April 1972 the reservoir was netted in many areas 
(not the shallow end), only 121 roach were caught. The strange 
thing with these fish is that about 801/6 of them were infected with 
fungus, particularly smaller ones. The infection was limited 
mainly to the tail which was scaleless and most of the caudal fin 
had disappeared. Since most of these were immature fish or not 
spawned, this damage can not be attributed to spawning. 
A simple observation was made on the behaviour of a stickleback 
and a small roach (about 9 cm long) in a tank. The stickleback 
showed a very aggressive behaviour and attacked the roach, in 
particular its tail and caudal fin. Within 24 hours the caudal 
fin was more or less gone and the tail had become devoid of scales, 
which is very similar to the symptoms observed on the roach obtained 
from Humble Reservoir. Two days later a large part of the tail had 
disappeared and the fish became unable to swim successfully. 
Although this may not be an accurate experiment and observation, it 
is the opinion that this subject is of special interest together with 
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List of Botanical and Common Names of Plants 
of Humble Reservoir 
Botanical Name 	 Common English Name 
1 Alisma plantago-aquatjca L. 
2 Angelica sylvestris L. 
3 Anthricus sylvestris L. 
(Hoffin) 
4 Calatha palustris L. 
-I 
	
5 	Callitriche hantulata 
Jut z 
6 Centaurea nemoralis Jord, 
7 	Cirasium arvense (L.) Seep. 
8 Cyperus Longus L. 
9 Eleocharis palustris (L) 
H5S& Schult 
10 Epilobium angustifolium L. 
11 Epilobium hirsutum L. 
12 Epilobium tetragonu.m L. 
13 Pilipendula ulmaria (L.) 
Maxim, 
14 Galeopsis tetrahit L. 
15. Galium aparine L. 
16 Galiuja tricornutum Dandy 
17 Heracleum sphondylium L. 
18 Hippuris vulgaris L. 
19 Iris pseudacorus L. 
20 Juncus inflexus L. 
21 Lathyrus pratensis L. 
22 Lotus corniculatus L. 
23 Llartjcarja matrjcarjoides 
(Less.) Porter 
24 Mentha aquatica L. 
25 Myosotis scorpioides L. 
26 Jviyriophyllum spicatum L. 











Alpine Willow Herb 
Great Willow Herb 
Square-stalked Willow Herb 
Meadow Sweet 
Common Hemp-nettle 
Gosse Grass, Cleavers 
Corn Bedstraw 








Spiked Water Milfoil 
Water Cress 
Appendix 1 (continued) 
Botanical Name 
28 Phalaris arundinacea L. 
29 Polygonum amphibium L. 
30 Polygonurn persicaria L. 
31 Potamogeton pectinatus L. 
32 Potamogeton polygonifolius 
(Pourr.) 
33 Ranunculus âcris L. 
34 Ranunculus repens L. 
35 Ranunculus trichophyllus Charix 
36 Romex conglomeratus 	
Murr. 
Common English Name 
Reed Canary Grass 
Amphibious Persicaria 
Common Persicaria 
Fennel-like pond weed 
Bog Pond weed 
Common Meadow Buttercup 
Creeping Buttercup 
Dark hair Crow foot 
Sharp Dock 
37 Rornex obtusifolius L. Broad-leaved Dock 
38 Romex sanguineus L. Red-veined Dock 
39 Rosa sp. - 
40 Rubus vestitus Weihe & Nees - 
41 Rubus silvaticus Weihe & Nees - 
42 Senecio jacobaea L. Ragwort 
43 Senecio vulgaris L. Carline Thistle 
44 Sonchus oleraceus L. Common Sow Thistle 
45 Stachys palustris L. Marsh Woundwort 
46 Stellaria graminea L. Lesser Stitchwort 
47 Torilis japonica Houtt. Hedge Parsley 
48 Tripleurospermum maritimum Scentless Chamomile 
49 Urtica dioica L. Stinging Nettle 
50 Veronica anagallis-aquatica L. Water Spe?dwell 
51 Veronica beccabunga L. Brook Lime 
52 Veronica catenate. Pennell Pink Water Speedwell 
53 Vicia cracca L. Tufted Vetch 
Appendix 2 
Water and air Average temperature of Humble 
Reservoir in the period January 1970 to January 1971. 
Month Water Tem. Air Tern. 
00 00 
January 1970 4.0 2.8 
February 3.9 2.1 
Iviarch 6.2 3.7 
April .7.0 5.9 
May 12.4 10.9 
June 19.5 	. 13.7 
4 	August 16.2 13.5 
31 	August 15.3 14.6 
September 13.5 13.1 
October 6.8 9.7 
November 7.1 6.1 
December 5.9 4,3 
January 1971 5.5 4.4 
Appendix 3 
Results of the chemical analysis of the water 
(Humble Reservoir 1970) 
Winter 	Spring Summer Autumn 
PH 8 7.73 8.08 8.16 8.06 
Ii 8.08 8.33 8.46 8.23 
Alkalinity S 645.3 796.2 794.7 776.5 
Y:R 619.1 674.0 616.6 635.4 
47.1 18.1 31.6 59.5 
H 47.1 16.0 27.6 55.1 
Mg" S 47.2 54.5 60.3 49.6 
R 465 49.8 51.3 44.6 
Wa S 176.0 380.0 365.0 360.0 
H 248 .0 375.0 262.5 296.0 
K 5 5.8 7.9 7.7 7.9 
R 5.3 7.5 6.8 7.5 
Conductivity S 1753 2036 1933 1933 
H 1590 1790 1503 1650 
Total P S 0.046 0.071 0.100 0 .053 
H 0.029 0.117 0.137 0.05 6 
1103-N S 1.90 0.53 0.34 1.13 
H 1.65 0.42 0.15 1.18 
S 	- Stream 
- Reservoir 
Appendix 4 
Summary of the Results of the bottom fauna of Humble Reservoir 
Month Organisms (in. 225 cm2 ) 
Chironomj& larvae Oligochaeta. 
Number Weight g.,  Weight g. 
January 1970 236 0.633 855 0.557 
February 384 0.287 571 0.362 
March 53 0.226 432 0.249 
April 84 0.515 623 0.528 
May 124 0.383 510 0.322 
June 203 0.665 603 0,332 
4 	August 90 0.050 228 0.188 
31 	August 269 0,163 501 0.257 
September 118 0.209 270 0.142 
October 168 0.576 803 0.539 
November 301 1.047 514 0.510 
December 455 0.418 325 0.248 
January 1971 469 0.712 657 0.527 
APPENDIX 5. List of some of the parasites which occur in Roach 
Phyllum Parasite Site in host Reference 
PROTOZOA Maxidium (Butshli, 1882) Liver, kidney Williams 1964 
P'ncobolus pseudodispar (Gorbunova. 1936) Mainly spleen Halliday 1969 
Myxobolus (Butschli, 	1662) Liver, kidney Williams 1964 
Thelohajiellus (Kudo, 1933) Liver, kidney Williams 1964 
Ichthyophthirius multifiliis (Pouquet, 1676) Beneath skin Mishra &. Chubb 1969 
Trichodina (Ehrenberg, 1831) Skin Williams 1964 
PLAnBELMIN-. Dyctylogyrus crucifer (Wegner, 1857) Gill branchiae Mishra & Chubb 1969 
TIES D. 	 similis (Wegener, 1907) Gill branchiae Mishra & Chubb 1969 
D. spliyrna (Linstow, 1878) Gill branchiae Mishra & Chubb 1969 
D. 	 suecicus (Nybelin, 1936) Gill branchiae Mishra & Chubb 1969 
Diplozoon paradoxum (Nordmann, 1832) Gill branchiae Mishra & Chubb 1969 
Gyrodactylus (Nordnann, 1832) Body surface Williams 1964 
Diplostomum spathaceum (Rudophli, 1819) Lens, vitreous humour Mishra & Chubb 1969 
Asymphylodora imbanidum (Isaichikov, 1923) Intestine Misitra & Chubb 1969 
Allocreadium isoporum (Looss, 	1894) Intestine-and Intestinal 
bulb Davies 1965 
Sphaerostoma bramae (Muller, 1776) Intestine Nishra & Chubb, 1969 
Caryophyllaeides fennica (Schneider, 1902) Intestinal bulb Nishra & Chubb, 1969 
Caryophyllaeus laticeps (Pallas, 1781) Intestinal bulb Mishra & Chubb, 1969 
Ligula intestinalis L. 1758 Body cavity Wilson 1971 
NEMAIPHELMIN— Philometra rischta (Skryabin, 1917) Gill, in tissue Mishra & Chubb 1969 
THES Acanthocephalus lucii (Muller, 	1776) Intestine Mishra & Chubb 1969 
Neoechinorhynchus sp. Intestine Davies 1965 
tNEELIDA Piscicola geometra L. 1761 Body surface, fins Mishra & Chubb 1969 
Helobdella stagnalis 	L. 1758 Gills Mishra & Chubb 1969 
ARTHROPODA Argulus foliaceus 	L. 1758 Body surface Williams 1964 
Appendix 6 
Average Length and weight for each age group of roach of Humble Reservoir. 
Age group Male Female Male & Female 
O 	1 L - - 
. 	 3.5 
Wt. - 
- 0.4 
24 2 L - - 6.4 
- 3.0 
+ 
2..~ 3 L 9.3 9.7 9.1 
Wt. 10.6 11.8 
. 	 9.9 
+ 
3 	4 L 11.2 11.6 	. 11.5 
Wt. 18.6 20.4 20.0 
+ 
4  
1 	L 12.9 13.4 13.2 
Wt. 27.6 31.3 29.6 
+ 	6 L 13.8 14.3 14.1 
Wt. 34.3 38.0 36.3 
~ 
6-7 L 14.7 15.5 15.2 
Wt. 40.0 48.2 44.9 
8 L 15.5 16.9 16.5 
Wt. 47.4 60.7 57.3 
L 15.9 17.3 16.6 
Wt. 51.9 70.9 61.7 
10 L 16.4 17.9 7.4 
Wt. 58.7 82.6 75.3 
iot.ii L 17.3 18.7 18.2 
Wt. 70.6 94.8 88.1 
11-0.12 L 18.9 20.0 19,4 
Wt. 82.7 128.5 105.6 
L 	Length cm. 
Wt. . - Weight g... 
APPENDDC 7 	Details of the fish examined every month for growth studies 
/ 
Month O+-1l+-22+-33+ -44+-5 5+-66+-77±-83+-99+-10 10+-11l1+-12 Total 
Feb. 70 6 6 7 9 9 8 4 23 15 1 88 
Mar. 16 14 15 6 9 . 21 6 87 
Apr. 20 1 12 11 5 3 6 22 8 2 	1 91 
May 8 14 13 1 11 1 1 13 6 1 69 
June 13 12 15 4 6 3 2 18 10 83 
4Aug. 2 10 11 4 11 6 4 14 21 4 	1 88 
31 Aug. 3 12 8 5 9 6 4 13 15 5 80 
Sept. 1 9 12 9 7 7 4 2 5 1 57 
Oct. 9 1010 8 13 4 1 9 7 3 74 
Nov. 9 11 .10 6 10 3 1 16 8 4 78 
Dec. 2 7 5 9 10 5 1 13 22 3 77 
Jan. 71 . 10 10 11 7 5 3 2 1 9 2 60 
Total 	35 	94 	130 	80 	96 	92 	55 	25 	165 	132 	26 	2 	. 932 
APPENDIX 8. 	Condition factor (K) 
	
(summary of the calculations) 
Total No. of fish = 1504 
3-6 	6-8 	8.1-10.0 10.1-12.0 12.1-14.0 14.1-15.0 15.1-16.0 16.1-17.0 17.1-18.0 18.1-19.0 19.1- Average 
Feb. 70 0.76 1.09 - 1.26 1.35 1.29 1.34 1.36 1.46 1.48 1.65 1.30 
Mar. - 1.15 1.29 1.28 1.27 1.25 1.28 1.35 1.35 1.52 1.56 1.31 
Apr. 0.79 - - 1.30 1.32 1.22 1.24 1.28 1.30 1.29 1.25 1.22 
May 0.98 1.30 1.39 1.34 1.32 1.40 1.28 1.34 1.35 1.44 1.63 1.34 
June 0.94 1.34 1.51 1.35 1.34 1.35 1.32 1.37 1.47 1.62 1.92 1.41 
4 Aug. 1.19 1.27 1.27 1.28 1.28 1.27 1.32 1.31 1.38 1.35 1.46 1.30 
31 Aug. - 1.18 1.24 1.29 1.28 1.24 1.28 1.26 1.34 1.41 1.38 1.29 
Sept. - 1.12 . 1.21 1.26 1.27 1.21 1.28 1.30 1.29 .- - 1.24 
Oct. - 1.00 1.17 1.29 1.26 1.32 1.26 1.29 1.34 1.42 1.33 1.27 
Nov. - 1.06 1.15 1.24 1.27 1.31 1.31 1.26 1.33 1.40 1.36 1.27 
Dec. - 1.00 1.09 - 1.23 1.26 1.30 1.30 1.38 1.45 1.46 1.27 
Jan. 71 - .1.03 1.12 1.25 1.26 1.25 1.22 1.26 1.39 1.39 1.38 1.25 
Average 0.93 	1.14 	1.24 	1.28 	1.28 	1.26 	1.28 	1.31 	1.36 	1.43 	1.49 	1.29 
APPENDIX 9. 	Results of Index of fullness 	
= weight of contents  
weight of fish 
Month 	3.0-6.0 6.1-10.0 10.1-13.0 13.1-14.0 14.1-15.0 15.1C16.0 16.1-17.0 17.1-18.0 18.1-19.019.1 -over Average 
Jan. 70 - 0.01631 0.00559 0.00505 0.00435 0.00695 0.00464 0.00472 
Feb. 0.01437 0.01843 0.01047 0.00908 0.01022 0.00626 0.00680 0.00559 
Mar. - 0.1335 0.00829 0.00637 0.00888 0.01057 0.00736 0.00766 
Apr. 0.01693 0.01566 0.01081 0.01081 0.00984 0.00650 0.00593 0.00529 
May 0.01066\ 0.02070 0.01564 0.01613 - 0.01669 0.01858 0.01175 
June 0.03750 0.02419 0.01620 0.01752 0.01973 0.01511 0.01464 0.01412 
4 Aug. - 0.03776 0.01420 0.01630 0.01574 0.00860 0.01351 0.01694 
31 Aug. - 0.03042 0.01354 0.00912 0.01280 0.01079 0.01429 0.01299 
Sept. - 0.01528 0.01372 0.01257 0.01228 0.00913 - 0.00547 
Oct. - 0.01924 0.01097 0.01523 0.01393 0.01032 0.01520 0.00748 
Nov. - 0.01616 0.01037 0.01105 0.01051 0.01207 0.00824 0.00966 
Dec. - 0.01069 0.00946 0.00992 0.01046 0.00683 0.00952 0.00653 
Jan. 71 - 0.01051 0.00973 0.00599 0.00643 0.00332 0.00594 0.00290 
0.00311 0.00328 0.00600 
0.00528 0.00571 0.00922 0.0078 
- 	0.00512 0.00846 
0.00717 0.01086 0.00998 
0.01144 '0.01959 0.01568 0.0142 
0.00996 	0.00254 0.01715 
0.01458 0.01178 0.01496 
0.00722 0.01186 	0.01367 0.0113 
- 	- 	0.01140 
0.01464 0.01131 0.01314 
0.00880 	- 	0.01065 0.0109 
0.00951 0.00722 0.00690 
0.00982 	- 	0.00683 
Average 	0.01986 0.01913 0.01146 0.01116 0.01126 0.00948 0.01036 0.00855 0.00923 0.00892 
0.01681 	 0.01063 	- 	 0.00938 
N.B. In Figure 17A and B the averages were multiplied by 1000 
Appendix 10 
Results of the occurrence of the main items found in the contents of 
the alimentary tract of the roach. 




Chironomid Oligochaeta Crustacea Plant Bottom 
larvae Material Mud 
Total No. 
Month of fish No.of No.of No.of No.of No.of 
examined fish % fish % fish % fish % fish % 
J,70 75 59 78.6 38 50.6 56 74.6 57 76.0 - - 
F. Cl 76 93,8 63 77.7 65 80.2 68 83.9  62 76.5 
M. 66 51 77.2 53 80.3  55 83.3 52 78.7 62 .93.9 
A. 75 56 74.6 63 84.0 71 94.6 65 86.6 68 90,6 
- M. 67 54 80.5 64 95.5 67 100.0 57 85.0 59 88.0 
J. 90 50 55.5 55 61.1 86 95.5 65 72.2 45 50.0 
4 	A. 84 79 94.0 67 79.7 84 100.0 67 79.7 56 66.6 
31 	A. 75 60 80.0 63 84.0 75 100.0 66 88.0 65 86.6 
S. 44 24 54.5 39 88,6 43 97.7 33 75.0 35 79.5 
0. 58 38 65.5 46 79.3 53 91.3 50 86.2 51 87,9 
N. 73 62 84.9 54 73.9 69 94.5 59 80.8 54 73.9 
D. 56 45 80.3 46 82.1 44 78.5 42 75.0 42 75.0 
J.71 49 32 65.3 30 61.2 .38 77.5 36 73.4 28 57.1 
C' 
Appendix 11 
Average number of (ihironomid larvae and Crustacea found in fish. 
Month Average No. Average Number of Crustacea 
of Chi, larvae In each fish 	group group group group 
3-10cm 13-15cm  16-18cm 19-over 
J. 70 14.1 21.9 36.9 16.6 16.6 1.0 
F. 16.2 21.3 33.0 27.3 10.8 1.0 
1ff. 6,0 13.3 13.9 11.9 15.4 12,0 
A. 7.4 98.1 25.6 62.1 87.7 310.0 
 16.8 203.6 124.9 409 , 1 30.5 170.0 
J. 25.9 317.7 676.1 247.0 29.3 - 
4 	A. 9.1 389.7 1012.3 248.6 24.7 59.6 
31 	A. 4.5 34.8 / 	 40.6 37.0 28.4 22.0 
S. 2,7 61,2 109.9 13.9 41.0 - 
0 17,0 145.0 302.8 109.0 126.7 2.0 
 6.5 69.5 192.1 17.0 6.0 - 
D. 8.3 15.9 37.7 19.2 6.3 1.2 
J. 71 4.6 11.5 12.0 16,0 3.2 - 
Appendix 12 
The results of stickleback food examination. 
	
Number of fish examined 	 50 
Number of full stomachs 	 38 
full stomachs 	 1 
full stomachs 	 6 
* full stomachs 	 3 
Empty stomachs 
Number of fish with food 	 48 
Number of fish: with Chironomid larvae 	28 
with Oligochaeta 31 
with Crustacea 43 
with plant material 26 
